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Description 

Background of the Invention 
[Field of the Invention] 

[0001] The present Invention relates to an inwheel 
motor system for use In a vehicle having direct drive 
wheels as drive wheels and to an Inwheel motor mount- 
ing method. 

[Description of the Prior Art] 

[0002] Nowadays, an inwheel motor system that a 
motor Is incorporated in each wheel Is been adopted in 
vehicles which are driven by a motor, such as electric 
cars, to achieve a high space efficiency and high trans- 
mission efficiency of driving force. 
[0003] Fig. 78 shows that a direct drive motor of a hol- 
low outer rotor type (Inwheel motor) 70 disclosed by JP 
2676025 is mounted. In this inwheel motor 70, a stator 
70S Is connected to and supported by an upright 71 
which Is a fixed portion, located on the inner side of the 
wheei disk 73 of a direct drive wheel 72, and also con- 
nected to a rotary shaft 74 coupled to the above wheel 
disk 73 through a bearing 74J. A rotor 70R around the 
above stator 70S is supported by a first bracket 75a con- 
nected to the above rotary shaft 74 and a second brack- 
et 75b which Is rotatably fixed to the upright 71 through 
a bearing 71J. Since the rotor 70R is thereby rotatably 
connected to the stator 70S, torque can be transmitted 
to the wheel 72 by driving the Inwheel motor 70 so that 
the wheel 72 can be directly driven. 
[0004] There are proposed some methods of mount- 
ing an inwheel motor one shown in Fig. 79 in which a 
rotor 80R having magnetic means (permanent magnet) 
80M is installed in a hous ing 82 fixed to a wheel 81 , a 
stator 80S having a coll 80C Is placed on the Inner side 
of the above magnetic means 80M and fixed to a hollow 
shaft 84 connected to a knuckle 83, and the inner and 
outer side walls 82a and 82b of the above housing 82 
are connected to the above stator 80S through bearings 
84a and 84b to rotatably link the rotor 80R of an inwheel 
motor 80 to the stator 80S (for example, Japanese Pat- 
ent Publication No. 9-506236), and one shown in Fig. 
80 in which the stator 90S of an inwheel motor 90 Is fixed 
to a steering knuckle 93 connected to a hub portion 92 
through a bearing 91 and In which the rim portion 94a 
of a wheel 94 is used as the rotor of the motor to be 
rotatably linked to the stator 90S (for example, Japa- 
nese Laid-open Patent Application No. 1 0-305735). 
[0005] In a vehicle having a suspension unit such as 
a spring around each wheel, as the mass of an unsprung 
part such as a wheel, knuckle or suspension arm, so- 
called "unsprung mass" increases, the contact force of 
a tire fluctuates when the vehicle runs over a uneven 
road, resulting In deteriorated road holding properties. 
[0006] Even when the mass of the body of a vehicle, 



so-called "sprung mass" Is small, the road holding prop- 
erties also deteriorate. Therefore, to Improve the road 
holding properties, the unsprung mass must be made 
much smaller than the sprung mass. 

s [0007] However, since the motor stator of the inwheel 
motor Is rotatably fixed to a spindle shaft connected to 
a part called "upright" or "knuckle" which is one of parts 
around the wheels of the vehicle, the unsprung mass 
Increases when the above Inwheel motor Is mounted, 

io thereby deteriorating the road holding properties. 
[0008] Therefore, the inwheel motor vehicle Is rarely 
used although it is a very attractive electric car having 
excellent space efficiency and transmission efficiency 
of driving force. 

15 

Summary of the invention 

[00O9] It is an object of the present Invention which 
has been made in view of the problems of the prior art 
20 to provide a method of mounting an Inwheel motor and 
an Inwheel motor system both of which are capable of 
reducing the tire contact force fluctuation of a vehicle to 
Improve the road holding properties of the vehicle. 
[0010] According to a first aspect of the present inven- 
ts tion, there is provided a method of mounting an inwheel 
motor to a direct drive wheel, comprising mounting the 
motor to an unsprung mass corresponding portion of a 
vehicle by a buffer member or a buffer unit. 
[0011] The "unsprung mass corresponding portion" 
30 as used herein denotes a wheel or a part around the 
wheel such as a knuckle or suspension arm. 
[0012] According to a second aspect of the present 
Invention, there is provided a method of mounting an 
Inwheel motor, wherein the non-rotary case of the motor 
& and a knuckle are Intercon nected by a first elastic mem- 
ber, and the rotary case of the motor and the wheel are 
interconnected by a second elastic member. 
[0013] According to a third aspect of the present in- 
vention, there Is provided a method of mounting an in- 
40 wheel motor, wherein the non-rotary case of the motor 
for supporting the stator of the motor and a knuckle 
which is a part around the wheel of the vehicle are in- 
terconnected by a direct-acting guide unit, and the rotary 
case of the motor for supporting the rotor of the motor 
and the wheel are Interconnected by a driving force 
transmission unit which can be eccentric from the wheel 
in the radial direction. 

[0014] According to a fourth aspect of the present In- 
vention, there is provided a method of mounting an in- 

so wheel motor, wherein the non-rotary case of the motor 
and a knuckle are Interconnected by a direct-acting 
guide unit Including a damper, and the rotary case of the 
motor and the wheel are Interconnected by a second 
elastic member. 

55 [001 5] According to a fifth aspect of the present inven- 
tion, there is provided a method of mounting an inwheel 
motor to a direct drive wheel, comprising mounting the 
no n -rotary case of the motor on a car body side by a 
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buffer unit. 

[0016] According to a sixth aspect of the present in- 
vention, there Is provided a method of mounting an in- 
wheei motor, wherein the motor Is mounted to ensure 
that the resonance frequency of the mounted motor 5 
should become higher than the resonance frequency of 
sprung mass and lower than the resonance frequency 
of unsprung mass. 

[0017] According to a seventh aspect of the present 
Invention, there is provided an inwheel motor system 10 
comprising a hollow electric motor In a wheel portion to 
drive the wheel, wherein the motor Is mounted to an un- 
sprung mass corresponding portion of a wheel, a car 
body side, or both of them, by a buffer member or a buff- 
er unit. *3 
[0018] According to an eighth aspect of the present 
Invention, there Is provided an inwheel motor system, 
wherein the motor and the wheel are Interconnected by 
a constant-velocity universal joint or by a driving force 
transmission unit which can be eccentric from the wheel 20 
in the radial direction. 

[0019] According to a ninth aspect of the present In- 
vention, there Is provided an Inwheel motor system, 
wherein the driving force transmission unit Is a coupling 
unit which comprises a plurality of hollow disk-like plates ' 25 
and direct-acting guides for interconnecting adjacent 
plates and for guiding the adjacent plates In the radial 
direction of the disk. 

[0020] According to a tenth aspect of the present in- 
vention, there is provided an Inwheel motor system, so 
wherein the non- rotary case of the motor for supporting 
the stator of the motor and a knuckle which is a part 
around the wheel of a vehicle are Interconnected by a 
direct-acting guide unit. 

[0021 ] According to an eleventh aspect of the present ss 
Invention, there Is provided an Inwheel motor system, 
wherein a buffer member or a buffer unit is provided be- 
tween the non-rotary case of the motor and the knuckle 
or/and between the rotary case and the wheel. 
[0022] According to a twelfth aspect of the present in- *o 
vention, there Is provided an inwheel motor system, 
wherein the non-rotary case of the motor for supporting 
the stator of the motor and a knuckle which is a part 
around the wheel of the vehicle are interconnected by 
a first elastic member, and the rotary case of the motor 
for supporting a rotor and the wheel are Interconnected 
by a second elastic member. 

[0023] According to a thirteenth aspect of the present 
invention, there is provided an inwheel motor system, 
wherein at least one or both of the first and second elas- so 
tic members are an air spring. According to a fourteenth 
aspect of the present invention, there Is provided an In- 
wheel motor system, wherein the second elastic mem- 
ber Is cylindrical, one end of this cylinder Is connected 
to the wheel, and the other end is connected to the rotary ss 
case. 

[0024] According to a fifteenth aspect of the present 
Invention, there Is provided an Inwheel motor system, 



wherein the wheel and the rotary case are Interconnect- 
ed by 1 6 or less board-like elastic members disposed at 
equal Intervals In parallel to the tangent direction of the 
wheel. 

[0025] According to a sixteenth aspect of the present 
Invention, there Is provided an Inwheel motor system, 
wherein rotary joint units whose axes are in the tangent 
direction of the motor are provided on both end faces in 
the width direction of the plate-like elastic members. 
[0026] According to a seventeenth aspect of the 
present Invention, there Is provided an Inwheel motor 
system, wherein ribs extending from the rotary case to- 
ward the wheel and ribs extending from the wheel to- 
ward the rotary case are Interconnected by an elastic 
member at a plurality of sites. 
[0027] According to an eighteenth aspect of the 
present Invention, there is provided an Inwheel motor 
system, wherein the vertical elastic coefficient of a ma- 
terial constituting the first and second elastic members 
Is 1 to 120 MPa. 

[0028] According to a nineteenth aspect of the 
present invention, there Is provided an lnwheet motor 
system, wherein the vertical elastic coefficient of a ma- 
terial constituting the first and second elastic members 
is 10 to 300 GPa. 

[0029] According to a twentieth aspect of the present 
Invention, there is provided an Inwheel motor system, 
wherein the first elastic member has a lower elastic 
modulus In the vertical direction of the vehicle than an 
elastic modulus in the longitudinal direction. 
[0030] According to a twenty-first aspect of the 
present Invention, there Is provided an Inwheel motor 
system, wherein the non-rotary case is connected to the 
knuckle by a direct-acting guide unit having a spring and 
a damper In place of the first elastic member. 
[0031] According to a twenty-second aspect of the 
present invention, there is provided an inwheel motor 
system, wherein the rotary case is connected to the 
wheel by a constant-velocity universal joint. 
[0032] According to a twenty-third aspect of the 
present Invention, there Is provided an Inwheel motor 
system, wherein the second elastic member Is mounted 
at the center position of the mass of the motor in the 
width direction of the motor. 

[0033] According to a twenty-fourth aspect of the 
present Invention, there Is provided an Inwheel motor 
system, wherein the rotary case is connected to the 
wheel by a coupling unit comprising a plurality of hollow 
disk-like plates and direct-acting guides for intercon- 
necting adjacent plates and for guiding the adjacent 
plates In the radial direction of the disk. 
[0034] According to a twenty-fifth aspect of the 
present Invention, there is provided an Inwheel motor 
system, wherein the non-rotary case of the motor for 
supporting the stator of the motor is connected to the 
knuckle which is a part around the wheel of the vehicle 
by a buffer member or buffer unit, and the rotary case 
of the motor is connected to the wheel by a coupling unit 
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comprising a plurality of hollow disk-like plates and di- 
rect-acting guides for Interconnecting adjacent plates 
and for guiding the adjacent plates in the radial direction 
of the disk. 

[0035] According to a twenty-sixth aspect of the 
present Invention, there Is provided an inwheel motor 
system, wherein the non-rotary case of the motor for 
supporting the stator of the motor is connected to the 
knuckle which Is a part around the wheel of the vehicle 
by a buffer member or buffer unit, and the rotary case 
of the motor Is connected to the wheel by a hollow disk- 
like plate having a plurality of direct-acting guides on the 
motor side and the wheel side. 
[0036] According to a twenty-seventh aspect of the 
present invention, there is provided an inwheel motor 
system, wherein the direct-acting guides are disposed 
at the same positions on the front and back sides of the 
hollow disk-like plate at an Interval of 90° or 180° in the 
circumferential direction of the plate. 
[0037] According to a twenty-eighth aspect of the 
present invention, there is provided an Inwheel motor 
system, wherein the working directions of all the direct- 
acting guides on the motor side are 45° from the radial 
direction of the hollow disk-like plate, and the working 
directions of all the direct-acting guides on the wheel 
side are perpendicular to the working directions of all 
the direct-acting guides on the motor side. 
[0036] According to a twenty-ninth aspect of the 
present invention, there Is provided an inwheel motor 
system, wherein the non-rotary case of the motor for 
supporting the stator of the motor is connected to the 
knuckle which Is a part around the wheel of the motor 
by a buffer member or a buffer unit, and the rotary case 
of the motor Is connected to the wheel by a first hollow 
disk-like plate comprising a plurality of direct-acting 
guides on the motor side and the wheel side and by a 
second hollow disk-like plate disposed on the inner side 
of the first hollow disk-like plate and comprising a plu- 
rality of direct-acting guides arranged in an opposite way 
to that of the first hollow disk-like plate. 
[0039] According to a thirtieth aspect of the present 
Invention, there is provided an inwheel motor system, 
wherein the direct-acting guides are disposed at the 
same positions on the front and back sides of the first 
and second hollow disk-like plates at an interval of 90° 
or 180° in the circumferential direction of the first and 
second hollow disk-like plates, the working directions of 
all the direct-acting guides on the motor side of the first 
and second hollow disk-like plates are 45° from the ra- 
dial direction of the plates, and the working directions of 
all the direct-acting guides on the wheel side of the 
plates are perpendicular to the working directions of the 
direct-acting guides on the motor side. 
[0040] According to a thirty-first aspect of the present 
invention, there is provided an inwheel motor system, 
wherein the mass of the first hollow disk-like plate is 
made equal to the mass of the second hollow disk- like 
plate. 



[0041] According to a thirty-second aspect of the 
present Invention, there is provided an inwheel motor 
system, wherein each of the direct-acting guides con- 
sists of a guide rail having at least one recess or projec- 

5 tlon extending in the radial direction of the plate and of 
a guide member to be engaged with the guide rail. 
[0042] According to a thirty-third aspect of the present 
Invention, there is provided an inwheel motor system, 
wherein steel balls are placed between the guide rail 

10 and the guide member. 

[0043] According to a thirty-fourth aspect of the 
present Invention, there is provided an Inwheel motor 
system, wherein grooves extending in the radial direc- 
tion are formed in the opposing sides of the plates, and 

1* steel balls which can move along the grooves are placed 
between the plates to guide the adjacent plates in the 
radial direction of the disk. 

[0044] According to a thirty-fifth aspect of the present 
invention, there is provided an inwheel motor system, 
so wherein when the number of the plates Is represented 
by N, the plates are disposed In such a manner that the 
angle formed by adjacent direct-acting guides or 
grooves In the axial direction of the plates Is increment- 
ed by 1 80/(N-1 )° from the end portion. 
25 [0045] According to a thirty-sixth aspect of the present 
Invention, there is provided an Inwheel motor system, 
wherein the non-rotary case of the motor for supporting 
the stator of the motor and a knuckle which Is a part 
around the wheel of the vehicle are Interconnected by 
30 a buffer member comprising at least one pair of substan- 
tially A-shaped or H-shaped link units, each having two 
arms rotatably Interconnected by a spring and a damper, 
the end of one arm being connected to the non-rotary 
case and the end of the other arm being connected to 
35 the knuckle. 

[0046] According to a thirty-seventh aspect of the 
present invention, there is provided an inwheel motor 
system, wherein a shaft type suspension unit is provid- 
ed, and the non-rotary case of the motor for supporting 
40 the stator of the motor and the shaft are intercon nected 
by a buffer member comprising at least one pair of sub- 
stantially A-shaped or H-shaped link units, each having 
two arms rotatably interconnected by a spring and a 
damper, the end of one arm being connected to the non- 
45 rotary case and the end of the other arm being connect- 
ed to the shaft. 

[0047] According to a thirty-eighth aspect of the 
present Invention, there is provided an Inwheel motor 
system, wherein the non-rotary case of the motor and a 

50 knuckle are interconnected by two plates whose work- 
ing directions are limited to the vertical direction of the 
vehicle by direct-acting guides, and the two plates are 
interconnected by springs and dampers which operate 
In the vertical direction of the vehicle. 

55 [0048] According to a thirty-ninth aspect of the 
present invention, there is provided an inwheel motor 
system, wherein the motor is supported to a knuckle 
which is a part around the wheel by direct-acting guides 
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and a buffer unit In such a manner that It can move In 
the vertical direction of the vehicle, and the buffer unit 
has valves between a hydraulic cylinder and a reservoir 
tank. 

[0049] According to a fortieth aspect of the present 
Invention, there is provided an in wheel motor system, 
wherein the piston upper chamber and piston lower 
chamber of the hydraulic cylinder are each provided with 
a working oil passage having an Independent valve and 
a reservoir tank. 

[0050] According to a forty-first aspect of the present 
Invention, there is provided an Inwheel motor system, 
wherein the piston upper chamber and piston lower 
chamber of the hydraulic cylinder are each provided with 
a working oil passage having an independent valve, and 
the two working oil passages are connected to a com- 
mon reservoir tank. 

[0051] According to a forty-second aspect of the 
present invention, there is provided an inwheel motor 
system, wherein the piston upper chamber and piston 
lower chamber of the hydraulic cylinder are Intercon- 
nected by working oil passages, each having an inde- 
pendent valve, and the piston lower chamber is connect- 
ed to a reservoir tank. 

[0052] According to a forty-third aspect of the present 
invention, there is provided an Inwheel motor system, 
wherein the hub portion of the system has a connection 
unit with the output shaft of the power engine of the ve- 
hicle. 

[0053] According to a forty-fourth aspect of the 
present invention, there is provided an inwheel motor 
system, wherein the motor is an outer rotor type motor. 
[0054] According to a forty-fifth aspect of- the present 
Invention, there Is provided an Inwheel motor system, 
wherein the motor is an inner rotor type motor. -. 
[0055] According to a forty-sixth aspect of the present 
invention, there is provided an inwheel motor system 
having an electric motor In a wheel portion to drive a 
wheel, wherein 

the motor is a geared motor comprising a hollow 
Inner rotor type motor and a speed reducing gear, the 
non-rotary case of this geared motor and a knuckle 
which is a part around the wheel of a vehicle are inter- 
connected by a buffer member, and the output shaft of 
the speed reducer and the wheel are linked by a shaft 
having a universal joint. 

[0056] According to a forty-seventh aspect of the 
present Invention, there is provided an Inwheel motor 
system, wherein a direct-acting guide for guiding the 
motor in a vertical direction is interposed between the 
non-rotary case and the knuckle. 
[0057] According to a lorty-elghth aspect of the 
present Invention, there Is provided an Inwheel motor 
system, wherein the non-rotary case of the motor for 
supporting the statorof a hollow outer rotor type motor 
is connected to a knuckle which is a part around the 
wheel of a vehicle, the rotary case of the motor for sup- 
porting the rotor of the motor is connected to the wheel, 



and a wheel support unit is provided on the Inner side 
of the motor. 

[0058] According to a forty-ninth aspect of the present 
Invention, there is provided an Inwheel motor system, 

5 wherein the rotary case is Inscribed In the wheel, and 
the knuckle and the h ub portion of the system connected 
to the rotation axis of the wheel are interconnected by 
a hub bearing provided on the Inner side of the hollow 
motor to support the wheel. 

io [0059] According to a fiftieth aspect of the present in- 
vention, there Is provided an Inwheel motor system, 
wherein the rotary case is connected to the wheel by 
elastic members. 

[0060] According to a fifty-first aspect of the present 

19 invention, there is provided an Inwheel motor system, 
wherein the vertical elastic coefficient of the material of 
the elastic members is 1 to 120 MPa. 

[0061] According to a f Ifty-second aspect of the 
present invention, there is provided an inwheel motor 

20 system, wherein a brake disk or brake drum Is mounted 
to the hub portion. 

[0062] According to a fifty-third aspect of the present 
Invention, there is provided an Inwheel motor system, 
wherein the hub portion of the system has a connection 

29 unit with the output shaft of the power engine of the ve- 
hicle. 

[0063] According to a fifty-fourth aspect of the present 
invention, there is provided an inwheel motor system 
having a hollow electric motor In a wheel portion to drive 

30 a wheel, wherein 

the motor is supported to a knuckle which is a part 
around the wheel of a vehicle by direct-acting guides 
and buffer members in the vertical direction of the vehi- 
cle and by direct-acting guides and buffer members in 
35 the longitudinal direction of the vehicle, and the rotary 
case of the motor and the wheel are Interconnected by 
a flexible coupling or constant-velocity universal joint in 
such a manner that they can be eccentric from each oth- 
er. 

40 [0064] According to a fifty-fifth aspect of the present 
Invention, there is provided an inwheel motor system, 
wherein the motor Is an outer rotor type motor. 
[0065] According to a fifty-sixth aspect of the present 
invention, there is provided an inwheel motor system, 

4 9 wherein the motor is an Inner rotor type motor. 

[0066] According to a fifty-seventh aspect of the 
present invention, there is provided an Inwheel motor 
system having an electric motor in a wheel portion to 
drive a wheel, wherein 

90 the motor is a geared motor comprising a hollow 

Inner rotor type motor and a speed reducing gear, the 
non-rotary case of this geared motor Is supported to a 
knuckle which Is a part around the wheel by direct-acting 
guides and buffer members In the vertical direction and 

95 by direct-acting guides and buffer members in the lon- 
gitudinal direction of the vehicle, and the output shaft of 
the speed reducer and the wheel are Interconnected by 
a shaft having a universal joint. 
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[0067] The above and other objects, features and ad- 
vantages ot the present Invention will become apparent 
from the following description when taken in conjunction 
with the accompanying drawings. 

Brief Description of the Drawings 

[0066] 

Fig. 1 Is a longitudinal sectional view showing the 10 
constitution of an inwheel motor system according 
to Embodiment 1 of the present invention; 
Fig. 2 is a front sectional view showing the consti- 
tution of the inwheel motor system according to Em- 
bodiment 1 of the present invention; is 
Fig. 3 Is a diagram showing the moving state of an 
Inwheel motor according to Embodiment 1 of the 
present Invention; 

Fig. 4 is a diagram of another inwheel motor system 
according to Embodiment 1 of the present inven- 20 
tion; 

Fig. 5 is a diagram of still another Inwheel motor sys- 
tem according to Embodiment 1 of the present In- 
vention; 

Fig. 6 is a diagram showing the constitution of an 25 
inwheel motor system comprising an air spring ac- 
cording to the present Invention; 
Fig. 7 is a diagram showing the constitution of an 
Inwheel motor system comprising a direct-acting 
guide unit including a damper according to the so 
present invention; 

Fig. 6 Is a diagram showing the moving state of the 
Inwheel motor of Fig. 7; 

Fig. 9 Is a diagram showing the constitution of an 
inwheel motor system comprising a damper unit for 85 
Interconnecting ribs by an elastic member accord- 
ing to the present invention; 
Fig. 10 is a diagram showing the moving state of 
the Inwheel motor when a cylindrical elastic mem- 
ber Is used; 40 
Figs. 11 (a) and 11 (b) are diagrams showing a meth- 
od of arranging board-like elastic members accord- 
ing to the present invention; 
Fig. 12 is a graph showing the relationship between 
the number of board-like elastic members and ver- 45 
tical stiffness; 

Fig. 13 is diagram showing the constitution of a hy- 
brid type Inwheel motor system according to the 
present invention; 

Fig. 14 is a diagram showing the constitution of an so 
inwheel motor system comprising a constant-veloc- 
ity universal Joint according to Embodiment 2 of the 
present invention; 

Fig. 15 Is a diagram for explaining the operation of 
the constant-velocity universal joint; 55 
Fig. 16 is a longitudinal sectional view showing the 
constitution of an Inwheel motor system according 
to Embodiment 3 of the present Invention; 



Fig. 17 is a sectional view of the key section of the 
Inwheel motor system according to Embodiment 3 
of the present Invention; 

Fig. 18 Is a diagram of the arrangement of dlrect- 
s acting guides; 

Fig. 1 9 Is a diagram showing the constitution of the 
direct-acting guide; 

Fig. 20 is a diagram of another flexible coupling; 
Fig. 21 Is a sectional view of the key section of Fig. 
20; 

Fig. 22 Is a diagram for explaining the operation of 
the flexible coupling shown In Fig. 20 and Fig. 21 ; 
Fig. 23 is a longitudinal sectional view showing the 
constitution of an inwheel motor system according 
to Embodiment 4 of the present Invention; 
Fig. 24 Is a diagram showing the constitution of a 
flexible coupling according to Embodiment 4 of the 
present Invention; 

Fig. 25 is a diagram for explaining the operation of 
the flexible coupling according to Embodiment 4 of 
the present invention; 

Fig. 26 is a longitudinal sectional view showing the 
constitution of an inwheel motor system according 
to Embodiment 5 of the present invention; 
Fig. 27 is a diagram showing the constitution of a 
flexible coupling according to Embodiment 5 of the 
present Invention; 

Figs. 28(a) to 28(c) are diagrams for explaining the 
operation of the flexible coupling according to Em- 
bodiment 5 of the present invention; 
Fig. 29 is a diagram of another flexible coupling ac- 
cording to the present invention; 
Fig. 30 is a longitudinal sectional view showing the 
constitution of an inwheel motor system according 
to Embodiment 6 of the present Invention; 
Fig. 31 Is a longitudinal sectional view showing the 
constitution of an inwheel motor system according 
to Embodiment 7 ot the present Invention; 
Fig. 32 is a longitudinal sectional view showing the 
constitution of an Inwheel motor system according 
to Embodiment 8 of the present invention; 
Fig. 33 is a diagram showing the constitution of a 
buffer unit according to Embodiment 8 of the 
present invention; 

Fig. 34 Is a longitudinal sectional view showing the 
constitution of an inwheel motor system according 
to Embodiment 9 of the present Invention; 
Fig. 35 is a diagram showing the constitution of a 
buffer unit comprising a hydraulic cylinder accord- 
ing to Embodiment 9 of the present invention; 
Fig. 36 is a diagram showing the details of the buffer 
unit comprising a hydraulic cylinder; 
Fig. 37 Is a diagram of another buffer unit compris- 
ing a hydraulic cylinder according to Embodiment 9 
of the present invention; 

Fig. 38 is a diagram of still another buffer unit com- 
prising a hydraulic cylinder according to Embodi- 
ment 9 of the present Invention; 
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Fig. 39 Is a longitudinal sectional view showing the 
constitution of an inwheel motor system according 
to Embodiment 10 ot the present invention; 
Fig. 40 is a sectional view of the key section of the 
inwheel motor system according to Embodiment 10 5 
of the present Invention; 

Fig. 41 is a diagram showing a car vibration model 
In the Inwheel motor system of the prior art; 
Fig. 42 is a diagram showing a car vibration model 
when a dynamic damper is mounted to the Inwheel 10 
motor system of the prior art; 
Fig. 43 Is a diagram showing a car vibration model 
in the inwheel motor system of the present inven- 
tion; 

Fig. 44 is a table showing mass, spring constant and is 
others In each car vibration model; 
Fig. 45 is a graph showing the analytical results of 
car vibration models; 

Fig. 46 is a graph showing the relationship between 
tire contact load and cornering power (CP); 20 
Fig. 47 is a longitudinal sectional view showing the 
constitution of an Inwheel motor system according 
to Embodiment 11 of the present invention; 
Fig. 48 is a sectional view of the key section of an- 
other inwheel motor system according to the 25 
present invention; 

Fig. 49 Is a longitudinal sectional view showing the 
constitution of another inwheel motor system ac- 
cording to the present Invention; 
Fig. 50 is a longitudinal sectional view showing the 30 
constitution of an inwheel motor system according 
to Embodiment 12 of the present Invention; 
Fig. 51 Is a longitudinal-sectional view showing the 
constitution of another Inwheel motor system ac- 
cording to the present Invention; 3s 
Fig. 52 Is a diagram showing a car vibration model 
in the inwheel motor system of the prior art; 
Fig. 53 Is a diagram showing a car vibration model 
in the inwheel motor system of Fig. 50 of the present 
invention; *o 
Fig. 54 is a diagram showing a car vibration model 
In the Inwheel motor system of Fig. 51 of the present 
invention; 

Fig. 55 is a table showing mass, spring constant and 
others in each car vibration model; 45 
Fig. 56 is a graph showing the analytical results of 
car vibration models; 

Fig. 57 Is a longitudinal sectional view showing the 
constitution of an inwheel motor system according 
to Embodiment 13 of the present invention; so 
Fig. 58 Is a sectional view of the key section of the 
Inwheel motor system according to Embodiment 13 
of the present invention; 

Fig. 59 Is a diagram showing the constitution and 
operation of elements 44 in Fig. 58 according to Em- 55 
bodiment 13 of the present invention; 
Fig. 60 is a diagram showing a car vibration model 
in the inwheel motor system of the prior art; 



Fig. 61 is a diagram showing a car vibration model 
when a dynamic damper Is mounted to the Inwheel 
motor system of the prior art; 
Fig. 62 Is a diagram showing a car vibration model 
In the inwheel motor system of the present inven- 
tion; 

Fig. 63 is a table showing mass, spring constant and 
others in each car vibration model; 
Fig. 64 Is a graph showing the analytical results of 
car vibration models; 

Fig. 65 is a longitudinal sectional view showing the 
constitution of an Inwheel motor system according 
to Embodiment 14 of the present invention; 
Fig. 66 is a diagram showing how to mount the In- 
wheel motor system of Embodiment 14 
Fig. 67 is a longitudinal sectional view showing the 
constitution of another inwheel motor system ac- 
cording to the present Invention; 
Fig. 68 is a longitudinal sectional view showing the 
constitution of an inwheel motor system according 
to Embodiment 15 of the present Invention; 
Fig. 69 is a sectional view of the key section of Fig. 
68; 

Fig. 70 is a diagram showing how to mount the in- 
wheel motor system of Embodiment 15; 
Figs. 71 (a) and 71(b) are diagrams showing car vi- 
bration models in the electric car system of the prior 
art; 

Figs. 72(a) and 72(b) are diagrams showing car vi- 
bration models in the inwheel motor system of the 
prior art; 

Figs. 73(a) and 73(b) are diagrams showing car vi- 
bration models In which a dynamic damper is added 
to the inwheel motor system of the prior art; 
Figs. 74(a) and 74(b) are diagrams showing car vi- 
bration models in the Inwheel motor system of the 
present invention; 

Fig. 75 Is a table showing mass, spring constant and 
others in each car vibration model; 
Fig. 76 is a graph showing the analytical results of 
car vibration models; 

Fig. 77 is a graph showing the analytical results of 
car vibration models; 

Fig. 78 is a diagram showing the constitution of the 

inwheel motor system of the prior art; 

Fig. 79 is a diagram showing the constitution of the 

Inwheel motor system of the prior art; and 

Fig. 80 is a diagram showing the constitution of the 

inwheel motor system of the prior art. 

Detailed Description of the Preferred Embodiments 

[0069] Preferred embodiments of the present inven- 
tion will be described with reference to the accompany- 
ing drawings hereinunder. 
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Embodiment 1 

[0070] Fig. 1 and Fig. 2 are diagrams showing the 
constitution of an Inwheel motor system according to 
Embodiment 1 of the present Invention. Fig. 1 is a lon- 
gitudinal sectional view and Fig. 2 is a front sectional 
view of the inwheel motor system. In these figures, ref- 
erence numeral 1 denotes a tire, 2 denotes a wheel con- 
sisting of a rim 2a and a wheel disk 2b, and 3 denotes 
an Inwheel motor of an outer rotor type comprising a mo- 
tor stator (to be simply referredto as "stator hereinafter) 
3S fixed to a non- rotary case 3a provided on the inner 
side in a radial direction and a motor rotor (to be simply 
referred to as "rotor" hereinafter) 3R fixed to a rotary 
case 3b rotatably fixed to the above non-rotary case 3a 
through a bearing 3J and provided on the outer side in 
the radial direction. An air gap 3g is formed between the 
above rotor 3R and the above stator 3S. Reference nu- 
meral 4 represents a hub portion connected to the rota- 
tion axis of the above wheel 2, 5 represents a knuckle 
coupled to upper and lower suspension arms 6a and 6b, 
7 represents a suspension member which Is a shock ab- 
sorber or the like, and 8 represents a brake which Is a 
brake disk comprising a brake rotor 8a mounted to the 
hub portion 4 and a brake caliper 6b. Another type of 
brake such as a brake drum may be used as the brake 8. 
[0071 ] In this embodiment, the non -rotary case 3a to 
which the stator 3S of the above Inwheel motor 3 is fixed 
Is connected to the knuckle 5 which is a part around the 
wheel of the vehicle through a first elastic member 1 1 
which is made from an elastic material such as rubber 
and through a connection member 12 having a support 
member 12a for supporting the above first elastic mem-: 
ber 11 from the Inner side In the radial direction and a 
plurality of arm portions 12b extending toward the 
knuckle 5 from the above support member 1 2a, and the 
rotary case 3b to which the rotor 3R is fixed and which 
is rotatably connected to the above non -rotary case 3a 
through the bearing 3J Is connected to the wheel 2 
through a second elastic member 13 In order to float- 
mount the Inwheel motor 3 to a part around each wheel 
such as the knuckle 5. 

[0072] Therefore, the rotation axis of the above in- 
wheel motor 3 can move in the radial direction independ- 
ently of the rotation axis of the wheel 2. That is, since 
the Inwheel motor 3 Is rotatably divided into an outer 
section and an Inner section In the radical direction with 
the bearing 3] as the boundary therebetween as shown 
in Fig. 3, the above rotary case 3b to which the rotor 3R 
is fixed rotates and transmits its torque to the wheel 2 
to which the tire 1 is mounted while the rotation axis of 
the above Inwheel motor 3 moves in the radial direction 
Independently of the shaft. 

[0073] In the above constitution, the mass or the In- 
wheel motor 3 is separated from an unsprung mass cor- 
responding portion of the vehicle, such as the wheel 2 
or the knuckle 5, and functions as the mass of a so- 
called dynamic damper. Therefore, the above dynamic 
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damper serves to reduce a tire contact force fluctuation 
(to be abbreviated as TCFF hereinafter) when the vehi- 
cle runs over an uneven road, thereby Improving the 
road holding properties of the vehicle. Even when the 
5 vehicle runs over a bad road, as vibration is not directly 
transmitted to the above Inwheel motor 3, a load on the 
inwheel motor 3 imposed by vibration Is reduced. 
[0074] At this point, the above motor 3 is mounted by 
suitably selecting the mass of the above motor 3 and 
the elastic constants of the first and second elastic mem- 
bers 1 1 and 1 3 which are buffer members to ensure that 
the resonance frequency of a motor section including 
the above mounted inwheel motor 3 should become 
higher than the resonance frequency of the sprung 
mass (car body) of the vehicle and lower than the reso- 
nance frequency of the unsprung mass including the 
wheel 2 and the knuckle 5, thereby making it possible 
to effectively reduce the level of TCFF when the vehicle 
runs over an uneven road. 

[0075] Since the mass of the vehicle to be applied to 
each wheel is supported by the above hub portion 4 due 
to the adoption of this constitution, a load on the inwheel 
motor 3 becomes small with the result that a change in 
the air gap 3g formed between the stator 3S and the 
rotor 3R is reduced. Therefore, as the stiffness of the 
above non-rotary case 3a and the stiffness of the rotary 
case 3b can be reduced, the mass of the Inwheel motor 
3 can be reduced. 

[0076] The spring constant In the radial direction of 
the above first elastic member 11 is set to a lower level 
in the vertical direction of the vehicle than that in the 
longitudinal direction, whereby the Inwheel motor 3 can 
be moved only in substantially the vertical direction, 
thereby making it possible to suppress the co-rotation 
of the wheel 2 and the inwheel motor 3 and to improve 
the rotation drive efficiency of the wheel. 
[0077] In order to adjust the spring constant of the 
above first elastic member 11 to a low level In the vertical 
direction of the vehicle and to a high level in the longi- 
tudinal direction, elastic members 11 a and 11b are pro- 
vided only in the longitudinal direction as shown in Fig. 
4, or an oval elastic member 11c having a long axis in 
the longitudinal direction is used as thefirst elastic mem- 
bers 11 as shown in Fig. 5. When the above oval elastic 
member 11c Is used, as shown In Fig. 5, the knuckle 5 
must conform to the shape of the above elastic member 
11c. 

[0078] In order to adjust stiffness to a tow level in the 
vertical direction and to a high level in the rotation direc- 
tion, it is important to balance material stiffness with 
shape stiffness. When the first elastic member 11 and 
the second elastic member 1 3 are made from an elastic 
material such as rubber as in this embodiment, to obtain 
predetermined stiffness, a material having a vertical 
elastic coefficient of 1 to 120 MPa is preferably used as 
the material of the above first and second elastic mem- 
bers 11 and 13. The above elastic coefficient is more 
preferably 1 to 40 MPa. 
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[0079] When a spring member such as a metal spring 
Is used as the first and second elastic members 1 1 and 
13, the vertical elastic coefficient of the material of the 
above first and second elastic members 11 and 13 is 
preferably set to 1 0 to 300 GPa. 
[0O8OJ In this Embodiment 1 , the non-rotary case 3a 
to which the stator 3S of the inwheel motor 3 is fixed is 
connected to the knuckle 5 which is a part around the 
wheel of the vehicle through the first elastic member 1 1 
mounted to the connection member 12 extending from 
the knuckle 5, and the rotary case 3b to which the rotor 
3R Is fixed is connected to the wheel 2 through the sec- 
ond elastic member 13 so that the inwheel motor 3 
serves as the weight of a dynamic damper for the uns- 
prung mass, thereby making ft possible to reduce the 
level of TCFF when the vehicle runs over an uneven 
road, to improve the road holding properties of the ve- 
hicle and to reduce a load on the Inwheel motor 3 Im- 
posed by vibration. 

[0081] By adopting the Inwheel motor system of the 
present invention, an inwheel motor car which has ex- 
cellent space efficiency, excellent transmission efficien- 
cy of driving force and high road holding properties can 
be realized. 

[0082] In the above Embodiment 1, the non-rotary 
case 3a of the inwheel motor 3 Is mounted to the knuckle 
5 through the first elastic member 11, and the rotary 
case 3b is mounted to the wheel 2 through the second 
elastic member 13. When tire-like ring air springs 11T 
and 13T as shown in Fig. 6 are used In place of the 
above first and second elastic members 11 and 13, re- 
spectively, a spring constant In a shearing direction can 
be made high in spite of a low spring constant In the 
radial direction, thereby making It possible to constitute 
lightweight and highly elastic members. 
[0083] As shown In Fig. 7 and Fig. 8, the non-rotary 
case 3a and the knuckle 5 may be connected by a direct- 
acting guide unit 14 which comprises a damper 1 4a and 
a support member 14b for supporting the damper 14a 
In the vertical direction of the vehicle in place of the 
above first elastic member 11 and the above connection 
member 12. Thereby, the Inwheel motor 3 can be con- 
fined to vertical movement while generating attenuation 
force with the result that the co-rotation of the wheel 2 
and the Inwheel motor 3 can be suppressed and rotation 
drive efficiency can be improved. 
[0084] As shown In Fig. 9 , rotor-side ribs 2m extend- 
ing from the rotary case 3b toward the wheel 2 and 
wheel-side ribs 2n extending from the wheel 2 toward 
the above rotary case 3b are interconnected by an elas- 
tic member 1 5 at equal Intervals In the circumferential 
direction of the wheel 2 so that a shear spring having 
low stiffness in the vertical direction or a compression 
tension spring having high stiffness In the rotation direc- 
tion can be used as a spring for interconnecting the 
wheel 2 and the inwheel motor 3. Therefore, the inwheel 
motor 3 can move only In substantially the vertical di- 
rection, and the co-rotation of the Inwheel motor 3 and 



the wheel 2 can be further suppressed. 
[0085] Alternatively, as shown In Fig. 10, a cylindrical 
elastic member 1 3R may be used as the elastic member 
for Interconnecting the wheel 2 and the rotary case 3b 

5 in place of the above second elastic member 13, one 
side 1 3h of the above elastic member 1 3R may be con- 
nected to the wheel 2, and the other side 13m may be 
connected to the rotary case 3b. Since the above cylin- 
drical elastic member 13R functions as a shear spring 

10 which is deformed In a shearing direction when it trans- 
mits the vertical movement and torque of the Inwheel 
motor 3, It has high stiffness In the rotation direction and 
low stiffness in the radial direction, thereby making it 
possible to improve rotation drive efficiency. 

15 [0086] As shown In Fig. 11(a), the wheel 2 and the 
rotary case 3b are interconnected by a plurality of sub- 
stantially board- like elastic members 13a to 13d ar- 
ranged at equal Intervals In parallel to the tangent direc- 
tion of the wheel 2, whereby stiffness in the vertical di- 

20 rectlon can be made low and stiffness in the rotation di- 
rection can be made high. That is, when the end faces 
13w and 13w In the width direction of the above board- 
like elastic members 13a to 13d are mounted to the 
wheel 2 to connect the wheel 2 to the rotary case 3b, 

25 the board-like faces 1 3s (faces perpendicular to the ra- 
dial direction) of the above board-like elastic members 
13a to 13d become parallel to the rotation direction of 
the inwheel motor 3 or the wheel 2 so that stiffness in 
the radial direction can be made low and stiffness In the 

30 rotation direction can be made high. When the number 
of the above board-like elastic members 13a to 13d is 
Increased while their sizes are adjusted to maintain stiff- 
ness In the rotation direction, as shown in the graph of 
Fig. 1 2, stiffness In the vertical direction can be reduced. 

35 [0087] . The above stiffness In the vertical direction can 
be decomposed Into a vertical component of stiffness In 
the radial direction and a vertical component of stiffness 
In the rotation direction. Therefore, to reduce stiffness 
in the vertical direction, the vertical component of stiff- 

40 ness in the radial direction and the vertical component 
of stiffness in the rotation direction should be reduced. 
However, stiffness In the rotation direction cannot be re- 
duced in order to transmit the torque of the motor without 
a phase difference. Then, when rotary joint units 13z 

4* and 13z are provided on both end faces 13w and 13w 
in the width direction of the board-like elastic members 
13a to 13d with the tangent direction of the motor as the 
axis to mount the above board-like elastic members 1 3a 
to 13d to the wheel 2, stiffness in the radial direction is 

so eliminated and stiffness in the vertical direction can be 
reduced without reducing stiffness In the rotation direc- 
tion. 

[0088] When the number of the above board-like elas- 
tic members 13a to 13d Is Increased to maintain stlff- 
55 ness in the rotation direction, as shown in the graph of 
Fig. 12, stiffness in the vertical direction also Increases. 
Therefore, the number of the above board-like elastic 
members 13a to 13d is preferably 16 or less. 
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[0089] When the cylindrical elastic member 13R 
shown In Fig. 10 Is used, stiffness in the vertical direction 
can also be reduced by providing the above rotary joint 
units likewise to connect one end of the above elastic 
member 13R to the wheel 2. 

[0090] As shown In Fig. 13, a connection portion with 
a drive shaft 9 may be formed in the hub portion 4 con- 
nected to the wheel 2 at its rotation axis like a normal 
automobile to connect the hub portion 4 to the drive shaft 
9. Thereby, power from a car power engine or motor oth- 
er than the Inwheel motor 3 can be transmitted to the 
wheel 2 by the above drive shaft 9 so that a hybrid car 
can be constructed by connecting the output shaft of a 
gasoline engine vehicle to the hub portion 4 of the In- 
wheel motor system of the present invention. 

Embodiment 2 

[0091 ] In the above Embodiment 1 , the rotary case 3b 
and the wheel 2 are interconnected by the second elas- 
tic member 13. As shown in Fig. 14 and Fig. 15, the 
above rotary case 3b may be connected to the wheel 2 
by the second elastic member 1 3 and a constant-veloc- 
ity universal joint 1 6. 

[0092] That is, when the rotary case 3b and the wheel 
2 are Interconnected by an elastic member as in the 
above Embodiment, a phase difference Is produced be- 
tween the wheel 2 and the rotary case 3b by shear de- 
formation in the circumferential direction. Therefore, the 
above rotary case 3b and the wheel 2 are interconnect- 
ed by the above second elastic member 13 and the con- 
stant-velocity universal Joint 16. By shifting the rotation 
center of a wheel-side joint 16a from the rotation center 
of a motor-side Joint 1 6b, the Inwheel motor 3 can trans- 
mit torque to the wheel 2 from the rotary case 3b without 
a phase difference while moving vertically In the wheel 
2 . Therefore, the above phase difference can be mini- 
mized and the transmission efficiency of torque from the 
rotary case 3b to the wheel 2 can be Improved. 
[0093] Further, the non-rotary case 3a and the knuck- 
le 5 are interconnected by the direct-acting guide unit 
14 which comprises the damper 14a and the support 
member 14b shown in Fig. 7 and Fig. 8 of the above 
Embodiment 1 to further reduce the above phase differ- 
ence. 

[0094] By mounting the second elastic member 1 3 at 
the center position of the mass of the motor In the width 
direction of the motor, the mass of the Inwheel motor 3 
serves only as a counterweight, which prevents a part 
around the wheel from sharing the mass of the motor. 
[0095] When the non-rotary case 3a and the knuckle 
5 are Interconnected by the first elastic member 11 as 
shown In Fig. 1 and not the above direct-acting guide 
unit 14, the above first elastic member 11 Is preferably 
mounted at the center position of the mass of the motor 
in the width direction of the motor to prevent a part 
around the wheel from sharing the mass of the motor. 



Embodiment 3 

[0096] in the above Embodiment 2, the rotary case 3b 
and the wheel 2 are Interconnected by the second elas- 

5 tic member 1 3 and the constant-velocity universal Joint 
16. When the rotary case 3b and the wheel 2 are Inter- 
connected by a driving force transmitting unit which can 
be eccentric from the wheel 2 In the radial direction In 
place of the above constant-velocity universal Joint 16, 

10 torque transmission efficiency from the rotary case 3b 
to the wheel 2 can be further Improved. 
[0097] As the above driving force transmitting unit 
may be used, for example, a flexible coupling 18 which 
comprises a plurality of hollow disk-like plates 18A to 

*5 16C and direct-acting guides 16p and 18q for intercon- 
necting the adjacent plates 18A and 1 8B and the adja- 
cent plates 18B and 18C and for guiding the adjacent 
plates 18A and 18B and the adjacent plates 18B and 
18C in the radial direction of the disk as shown in Figs. 

20 1 6 to 1 8, The rotary case 3b is connected to the wheel 

2 by the above flexible coupling 18 to minimize the 
phase difference between the wheel 2 and the rotary 
case 3b, thereby making It possible to further Improve 
torque transmission efficiency from the rotary case 3b 

25 to the wheel 2. 

[0098] As shown in Fig. 19, for example, each of the 
above direct-acting guides 18p and I8q comprises a 
guide rail 1 8x having a projection extending in the radial 
direction of the above plate, a guide member 1 8y having 

30 a recess extending In the radial direction of the above 
plate and mating with the above guide rail 1 8x, and a 
plurality of steel balls 1 8m placed between the projec- 
tion of the above guide rail 18x and the recess of the 
guide member 1 By to slide the above guide rail 1 8x and 

S5 the guide member 18y smoothly. ■■ - r - . 

[0099] The above guide rail 18x and guide member 
18y are mounted on the opposing sides of the above 
adjacent plates 18A and 1 8B and the opposing sides of 
the above adjacent plates 18B and 18C, respectively. 

40 [0100] Since the above guide ral!18x and guide mem- 
ber 1 8y slide such that they guide the above adjacent 
plates 18A and 18B and the adjacent plates 18B and 
1 8C in the radial direction of the disk, the inwheel motor 

3 can move in the working direction of the above direct- 
45 acting guides 1 8p and 1 8q, that is, the radial direction 

of the disk but not in the rotation direction. As a result, 
rotating torque can be transmitted to the wheel 2 effi- 
ciently. 

[0101] By providing two or more pairs of direct-acting 
50 guides 18p and 18q having different angles, the above 
inwheel motor 3 can transmit driving torque to the wheel 
2 while It Is eccentric from the shaft In any direction. 
[0102] When the number of direct-acting guides 18p 
and 1 8q is small, the angular velocity changes at the 
55 time of rotation. Therefore, a plurality of plates and a 
plurality of direct-acting guides are preferably com- 
bined. As shown In Fig. 18, when the number of the 
above hollow disk-like plates Is represented by N, the 
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above plates 18A to 18C are disposed to ensure that 
the angle formed by adjacent direct-acting guides 
should be incremented by 180/(N-1)° from the direct- 
acting guide 1 8p at one end, thereby making it possible 
to suppress a change in the above angular velocity with- 
out fall (since N = 3 In this embodiment, the above angle 
is 90°). 

[0103] Since the driving force of the inwheel motor 3 
Is transmitted to the wheel 2 mechanically when the ro- 
tary case 3b and the wheel 2 are interconnected by a 
driving force transmitting unit such as the above con- 
stant-velocity universal joint 1 6 or the flexible coupling 
1 8, only the first elastic member 11 interposed between 
the non-rotary case 3a and the knuckle 5 suffices as a 
buf f er member for exhibiting a dynamic damper effect. 
[0104] As the unit for guiding the above adjacent 
plates 1 8A to 1 8C in the radial direction of the disk may 
be used a flexible coupling 18Z as shown In Figs. 20 to 
22. This flexible coupling 1 8Z is constructed by forming 
bearing grooves 1 8a to 1 8c in the opposing sides of the 
above plates 1 8 A to 1 8C in a radial direction and by plac- 
ing bearing balls 18M which are a steel ball and which 
can move along the bearing grooves 18a and 18b and 
18b and 18c between the opposing hollow disk-like 
plates 18A and 18B and between the opposing hollow 
disk-like plates 18B and 18C, respectively. A combina- 
tion of the above bearing grooves 18a and 18b and a 
combination of the above bearing grooves 16b and 18c 
each constitute a direct-acting guide together with the 
bearing ball 18M. 

[0105] That is, as the above bearing grooves 18a to 
18c are formed such that the bearing balls 18M roll In 
the radial directions of the above plates 1 8A to 1 6C, the 
inwheel motor 3 can move in the direction of the above 
bearing grooves 18a to 18c but not the circumferential 
direction, thereby making It possible to transmit rotating 
torque to the wheel 2 efficiently. By combining two or 
more pairs of bearing grooves 1 8a to 1 8c having differ- 
entangles with the bearing balls 1 8M, the above Inwheel 
motor 3 can transmit driving torque to the wheel 2 while 
it Is eccentric from the shaft In any direction. 
[0106] Since the angular velocity changes at the time 
of rotation when the number of the bearing grooves is 
small, it is preferred to combine a plurality of plates with 
the bearing balls. Like the above direct-acting guides, 
as shown In Fig. 22, when the number of the above 
plates is represented by N, the above hollow disk- like 
plates are disposed to ensure that the angle formed by 
adjacent grooves in the axial direction of the plates 
should be incremented by 180/(N-1)° from the groove 
at one end, thereby making it possible to suppress a 
change In the above angular velocity without fall. 
[0107] The plate 1 8A on the wheel 2 side (or the plate 
18A and the guide rail 1 8x) which Is a plate at one end 
may be integrated with the wheel 2 or the plate 1BC on 
the rotary case 3b side (or the plate 1 8C and the guide 
member 1 8y) may be Integrated with the rotary case 3b 
In the above flexible couplings 1 8 and 1 8Z. In this case, 



the number N of the plates used for the calculation of 
the angle is a value based on the assumption that there 
are plates at both ends. 

5 Embodiment 4 

[0108] In the above Embodiment 3, the flexible cou- 
pling 1 8 which comprises hollow disk-like plates 1 8A to 
18C having direct-acting guides 18p and 18q on front 

10 and back sides disposed in crossing directions is used 
as the driving force transmitting unit for Interconnecting 
the rotary case 3b and the wheel 2. A flexible coupling 
19, which comprises (1) a hollow disk-like plate 20A lo- 
cated on the wheel 2 side and connected to the wheel 

*5 2, (2) a hollow disk-like plate 20C located on the motor 
3 side and connected to the rotary case 3b of the motor 
3, and (3) a hollow disk-like plate 20B having a plurality 
of direct-acting guides 19A and 19B at the same posi- 
tions on the front and back sides of the motor 3 side 

20 plate and the wheel 2 side plate at intervals of 90° or 
180° in the circumferential direction of the plates and 
connected to the above hollow disk-like plate 20A by the 
direct-acting guide 19A and to the above hollow disk- 
like plate 20C by the direct-acting guide 19B as shown 

& in Fig. 23 and Fig. 24, may be used to interconnect the 
rotary case 3b and the wheel 2. Thereby, compression 
and tensile force generated In the circumferential direc- 
tion of the plates are canceled each other to enable the 
elimination of an offset In the circumferential direction, 

30 the transmission of driving torque from the inwheel mo- 
tor 3 to the wheel 2 with more certainty and the improve- 
ment of the durability of the driving force transmitting 
unit. . . - r 

[0109] in this embodiment, the working direction of 

55 the direct-acting guide 19B located on the motors side - 
is 45° from the radial direction of the hollow disk-like 
plates 20 A to 20C and the working direction of the direct- 
acting guide 1 9 A located on the wheel 2 s tde is perpen- 
dicular to the working direction of the above direct-acting 

40 guide 19B. 

[0110] In this embodiment, the non- rotary case 3a 
and the knuckle 5 are Interconnected by a direct-acting 
guide unit 21 which comprises a direct-acting guide 
member 21 a for guiding the above non- rotary case 3a 

45 in the vertical direction of the vehicle and a shock ab- 
sorber 21 b consisting of a damper and a spring member 
expanding and contracting in the working direction of 
this direct-acting guide member 21 a. The non-rotary 
case 3a and the knuckle 5 may be interconnected by a 

so buffer member such as the direct-acting guide unit 14 
having the damper 14a as shown in Fig. 7 and Fig. 8 of 
the above Embodiment 1 . Since the rotary case 3b and 
the wheel 2 are Interconnected by the above driving 
force transmission unit In this embodiment like the 

55 above Embodiments 2 and 3, the second elastic mem- 
ber 13 interposed between the rotary case 3b and the 
wheel 2 can be omitted. 

[0111] A description is subsequently given of the lo- 
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cations of the direct-acting guides 19A and 19B. 
[0112] Each of the direct-acting guides 1 9A consists 
of a guide member 19a and a guide rail 19b as shown 
In Fig. 24. In this embodiment, four guide members 1 9a 
having a recess extending at 45° from the radial direc- 5 
tlon are disposed at Intervals of 90° in the circumferen- 
tial direction of the hollow disk-like piate located on the 
wheel 2 side (to be referred to as "wheel-side plate" 
hereinafter), and four guide rails 19b having aprojection 
to be engaged with the above guide members 19a are io 
disposed at positions corresponding to the above guide 
members 19a of the Intermediate hollow disk-like piate 
(to be referred to as "intermediate plate" hereinafter) to 
Interconnect the wheel-side plate 20A and the Interme- 
diate plate 20B by the four direct-acting guides 1 9A dls- *5 
posed at Intervals of 90°. 

[0113] Each of the direct-acting guides 19B consists 
of a guide rail 1 9c and a guide member 1 9d. Four guide 
rails 19c are disposed at intervals of 90°perpendicular 
to the guide rails 1 9b of the above direct-acting guides 20 
1 9A in the circumferential direction on the motor 3 side 
hollow disk-like plate (to be referred to as "motor-side 
plate" hereinafter) side of the intermediate plate 20B, 
and four guide members 1 9d are disposed at positions 
corresponding to the guide rails 1 9c in the circumferen- *5 
tlal direction of the motor-side plate 20C to Interconnect 
the Intermediate plate 205 and the motor-side plate 20G 
by the four direct-acting guide 1 9B disposed at Intervals 
of 90°. 

[0114] In the above constitution, when torque is trans- so 
mitted from the rotary case 3b of the inwheel motor 3 to 
the wheel-side piate 20A connected to the wheel 2 
through the motor-side plate 20C, the above direct-act- 
ing guides 19A and 19B are disposed at 45° from the 
axial direction of the hollow disk-like plates 20A to 20C. ss 
Therefore, as shown In Fig. 25, circumferential-direction 
rotating force and radial-direction expanding force are 
applied to the above intermediate plate 20B. However, 
since the direct-acting guides 19A which move In a di- 
rection perpendicular to the working direction of the di- 40 
rect-acting guides 19B are disposed on the back side 
(wheel 2 side) of the direct-acting guides 19B of the 
above intermediate plate 20B, that is, at the same posi- 
tions as the above direct-acting guides 1 9 B, force for 
expanding the above intermediate plate 20B in the radial 45 
direction is balanced with the radlal-directlon expanding 
force of the above direct-acting guides 19A with the re- 
sult that only torque Is transmitted to the wheel-side 
plate 20A and to the wheel 2. Therefore, as torque input 
into the direct-acting guides 19B from the motor-side so 
plate 20C connected to the rotary case 3b is transmitted 
to the wheel-side plate 20A through the above Interme- 
diate plate 20 B therebetween, the driving force of the 
above motor 3 can be transmitted to the wheel 2 without 
fail. 55 
[0115] Since the working directions of the above di- 
rect-acting guides 1 9A and 1 9B are the same, compres- 
sion and tensile stress are not generated In the hollow 



disk-like plates 19A to 19C at the same time and only 
force for expanding or contracting all of them in the radial 
direction is applied to them. Compression and tensile 
stress are not generated in the direct-acting guides 19B 
at the same time as the working direction of all the direct- 
acting guides 1 9B Is perpendicular to the working direc- 
tion of the above direct-acting guides 19A. Since the 
above expansion or compression force is transmitted 
from the both sides of the guide rails 1 9b and 1 9c sand- 
wiching the intermediate plate 19B, there Is no offset of 
a load In the circumferential direction of the Intermediate 
disk plate 20B, thereby reducing the risk of buckling. 

Embodiment 5 

[0116] A flexible coupling 20 as shown in Fig. 26 and 
Fig. 27, which comprises (1) a hollow disk-like plate 
(wheel-side plate) 20 A located on the wheel side and 
connected to the wheel 2, (2) a hollow disk-like plate 
(motor-side plate) 20C located on the motor side and 
connected to the rotary case 3b of the motor 3, (3) a first 
hollow disk Intermediate plate 20M having a plurality of 
direct-acting guides 1 9P and 1 9Q at the same positions 
on the front and back sides of the motor 3 side plate and 
the wheel 2 side piate at intervals of 90° or 180° in the 
circumferential direction of the plates and connected to 
the above wheel-side plate 20A by the direct-acting 
guides 19P and to the above motor-side plate 20C by 
the direct-acting guides 19Q, and (4) a second hollow 
disk Intermediate plate 20N arranged on the Inner side 
of the first intermediate plate 20M, having a plurality of 
direct-acting guides 1 9R and 1 9S arranged in an oppo- 
site way to that of the f irst Intermediate plate 20M and 
connected to the above wheel-side plate 20A by the di- 
rect-acting guides 19R and to the above motor-side 
plate 20C by the direct-acting guides 1 9S, may be used 
in place of the flexible coupling 18 of the above Embod- 
iment 3 to Interconnect the rotary case 3b and the wheel 
2. Thereby, vibration caused by the eccentric rotation of 
the above plates can be reduced, and driving torque can 
be transmitted from the inwheel motor 3 to the wheel 2 
without fail. 

[0117] In this embodiment, like the above Embodi- 
ment 4, the no n -rotary case 3a and the knuckle 5 are 
interconnected by the direct-acting guide unit 21 which 
comprises the direct-acting guide member 21 a for guid- 
ing the non-rotary case 3a in the vertical direction of the 
vehicle and the shock absorber 21b consisting of a 
damper and a spring member expanding and contract- 
ing in the working direction of the direct-acting guide 
member 21 a. 

[0118] The locations of the above direct-acting guides 
1 9P and 1 9Q and the direct-acting guides 1 9R and 1 9S 
will be described herein under. 

[0119] The direct- acting guide 19P consists of guide 
members 19i and guide rails 19j as shown in Fig. 27. In 
this embodiment, the direct-acting guide 19P consists 
of (1) two guide members 191 and 191 having a recess 
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extending in the radial direction o1 the above first inter- 
mediate piate 20 M and disposed on the first Intermedi- 
ate plate 20M side of the wheel-side plate 20A located 
on the wheel 2 side at an Interval of 1 80° In the circum- 
ferential direction and (2) two guide rails 1 9J and 1 9j hav- 5 
Ing a projection to be engaged with the above guide 
members 1 9i and 1 9i and disposed at positions corre- 
sponding to the above guide members 1 9i and 1 9i in the 
circumferential direction on the wheel-side plate 20A 
side of the first intermediate plate 20M. This direct-act- 10 
ing guide 1 9P guides the wheel-side plate 20A and the 
first intermediate plate 20M In the radial direction of the 
plates. 

[0120] The direct-acting guide 1 9Q consists of (1 ) two 
guide rails 1 9p and 1 9p provided on the motor-side plate f s 
20C side of the first Intermediate plate 20M at an Interval 
of 180° at positions 90° from the above guide rails 19J 
and 1 9] In the circumferential direction and (2) two guide 
members 19q and 19q disposed at positions corre- 
sponding to the above guide rails 19p and 19p in the 20 
circumferential direction of the motor-side plate 20C. 
This direct-acting guide 1 9Q guides the motor-side plate 
20C and the first intermediate plate 20M in the radial 
direction of the disk. 

[0121] Meanwhile, the direct-acting guide 19R con- 25 
sists of two guide members 19m and 19m having a re- 
cess extending In the radial direction of the above 
wheel-side plate 20A and disposed on the inner side in 
the radial direction of the above guide members 1 91 and 
1 9I at an Interval of 1 80° at positions 90° from the above so 
guide members 19i and 19i in the circumferential direc- 
tion, and two guide rails 1 9n and 1 9n having a projection 
to be engaged with the above guide members 1 9m and 
19m and disposed on the wheel-side plate 20A side of 
the second intermediate plate 20N at positions corre- 35 
spondlng to the above guide members 1 9m and 1 9m In 
the circumferential direction. The direct-acting guide 
19S consists of two guide rails 19r and 19r disposed at 
an Interval of 1 80° at positions 90° from the above guide 
rails 1 9n and 1 9n In the circumferential direction on the *o 
motor-side plate 20C side of the second Intermediate 
plate 20N and two guide members 19s and 19s having 
a recess to be engaged with the above guide rails 1 9r 
and 1 9r and disposed at positions corresponding to the 
above guide rails 1 9r and 19r in the circumferential di- 45 
recti on of the motor-side plate 20 C. 
[0122] Owing to the above constitution, the motor 3 
turns while It is eccentric from the wheel 2 In a downward 
direction. Stated more specifically, motor torque is first 
applied to the motor-side plate 20C and this circumfer- so 
entlal direction force applied to the motor-side plate 20C 
Is applied to the first Intermediate plate 20 M through the 
direct-acting guide 19Q and further to the second Inter- 
mediate plate 20N through the direct-acting guide 19S 
which operates in a direction perpendicular to the above 55 
direct-acting guide 19Q. 

[0123] The circumferential direction force applied to 
the above first Intermediate plate 20M Is applied to the 



wheel-side plate 20A through the direct-acting guide 
19P and circumferential direction force applied to the 
above second Intermediate plate 20 N is applied to the 
wheel-side plate 20A through the direct-acting guide 
19R which operates in a direction perpendicular to the 
above direct-acting guide 19P. 
[0124] Therefore, for example, when the motor 3 turns 
clockwise while It is eccentric from the wheel 2 in a 
downward direction as shown In Figs. 28(a) to (c), the 
first intermediate plate 20M on the outer side turns 
clockwise from down to left and up eccentrically with the 
center point between the axis of the wheel-side plate 
20A and the axis of the motor-side plate 20C as the cent- 
er. Meanwhile, the second intermediate plate 20N on the 
inner side turns clockwise from up to right and down ec- 
centrically with the center point between the axis of the 
wheel-side plate 20A and the axis of the motor-side 
plate 20C as the center. 

[0125] When the mass of the above second interme- 
diate plate 20N Is made equal to the mass of the first 
Intermediate plate 20 M, the above first and second In- 
termediate plates 20 M and 20N turn eccentrically In dot- 
symmetrical directions as described above, whereby vi- 
brations caused by their eccentricities are canceled 
each other, the motor-side plate 20C and the wheel-side 
plate 20A become eccentric from each other only in the 
vertical direction and not the longitudinal direction. 
Therefore, vibrations caused by the eccentric rotations 
of the hollow disk-like plates (plates 20A, 20M, 20N, 
20C) can be reduced and driving force can be transmit- 
ted to the wheel 2 without fail. 

[0126] When direct-acting guides 22 P and 22Q and 
direct-acting guides 22 R and 22S whose working direc- 
tions are 45° from the radial directions of the plates 20A, 
20M, 20N and 20C are mounted at the same positions 
on the front and back sides of the above first and second 
intermediate plates 20M and 2 ON in place of the above 
direct-acting guides 1 9P and 1 9Q and the direct-acting 
guides 19R and 19S as shown In Fig. 29, compression 
and tensile stress are not generated in the above hollow 
disk-like plates 20A, 20M, 20N and 20C at the same time 
like the above Embodiment 4, only force for expanding 
or compressing the whole in the radial direction is ap- 
plied, and the working directions of the direct-acting 
guides 22Q and 22S are perpendicular to the working 
directions of the above direct-acting guides 22 P and 
22R, thereby making It possible to prevent compression 
and tensile stress from being generated at the same 
time. Therefore, there is no offset of load in the circum- 
ferential directions of the above first and second inter- 
mediate plates 20 M and 20N, the risk of buckling is re- 
duced, and the durability of the driving force transmis- 
sion unit can be improved. 

[0127] The direct-acting guide 22 P consists of a guide 
member 22a and a guide rail 22b, the direct-acting guide 
22Q consists of a guide rail 22c and a guide member 
22d, the direct-acting guide 22R consists of a guide 
member 22e and a guide rail 22f , and the direct-acting 
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guide 22S consists of a guide rail 22g and a guide mem- 
ber 22h. The guide members 22a and the guide mem- 
bers 22e are provided on the wheel-side plate 20A like 
the above Embodiment 4. The guide rails 22b are pro- 
vided on the wheel-side plate 20A side of the first Inter- 
mediate plate 20M, the guide rails 22c on the motor-side 
plate 20C side of the first intermediate plate 20M, the 
guide rails 22f on the wheel-side plate 20 A side of the 
second intermediate plate 20N, the guide rails 22g on 
the motor-side plate 20C side of the second intermedi- 
ate plate 20N, and the guide members 22d and the 
guide members 22h on the wheel-side plate 20C. 

Embodiment 6 

[0128] In the above Embodiments 1 to 5, the non-ro- 
tary case 3a of the inwheel motor 3 and the knuckle 5 
which is a part around the wheel of the vehicle are In- 
terconnected by a buffer member such as the first elastic 
member 11 or the direct-acting guide unit 21 which com- 
prises the direct-acting guide member 21a and the 
shock absorber 21 b consisting of a spring member ex- 
panding and contracting in the working direction of the 
direct-acting guide member 21 and the damper. By In- 
terconnecting the no n -rotary case 3a and the knuckle 5 
by buffer units 23A and 23B having one end connected 
to the knuckle 5 and the other end supporting the motor 
3 as shown In Fig. 30, TCFF can be further reduced. 
[0129] In this embodiment, the rotary case 3b and the 
wheel 2 are interconnected by the flexible coupling 18 
used in the above Embodiment 3. However, the driving 
force transmission unit such as the constant- velocity 
universal joint 16 of the above Embodiment 2 or the flex- 
ible coupling 19 or 20 of the above Embodiment 5 or 6 
may be used to Interconnect these. 
[0130] The above buffer units 23 A and 23B may be 
substantially A-shaped or H-shaped link units, each 
comprising two arms 23m and 23n which are intercon- 
nected rotatably by a buffer member 23k consisting of 
a spring and/or a damper at a junction 23Z. In this em- 
bodiment, one end of the buffer member 23k is fixed to 
an attachment member 23s attached to the above arm 
23m and the other end is directly attached to the above 
arm 23n. Both ends of the buffer member 23k may be 
directly attached to the arms 23m and 23 n, respectively. 
[01 31 ] To connect the above buffer units 23A and 23B 
to the non-rotary case 3a of the inwheel motor 3 and the 
knuckle 5, the end portions 23X of the arms 23m of the 
above buffer units 23 A and 23 B are attached to the non- 
rotary case 3a of the above motor 3 and the en d portions 
23 Y of the other arms 23n are attached to the knuckle 
5. At this point, the above buffer units 23A and 23B are 
attached such that the expansion or contraction direc- 
tion of the above buffer member 23k becomes the ver- 
tical direction of the vehicle. Since the changing direc- 
tion of the connection point 23X with the non-rotary case 
3a of the above arm 23m and the changing direction of 
the connection point 23 Y with the kn uckie 5 of the above 



arm 23n are thereby limited to the expansion or contrac- 
tion direction of the above buffer member 23k compris- 
ing a spring or damper, the non-rotary case 3a and the 
knuckle 5 can be Interconnected In such a manner that 

5 they can move In the vertical direction of the motor 3. 
[0132] That Is, In this embodiment, the rotary case 3b 
for fixing the rotor 3R of the inwheel motor 3 and the 
wheel 2 are Interconnected by the flexible coupling 18 
(or the flexible coupling 19 or 20), and the non-rotary 

10 case 3a for fixing the stator 3S is fixed to the knuckle 5 
which is a part around the wheel of the vehicle In the 
rotation direction and elastlcally supported in the vertical 
direction. Therefore, torque transmission efficiency from 
the rotary case 3b to the wheel 2 can be Improved, TCFF 

f* can be further reduced, and the road holding properties 
of the vehicle can be enhanced. 

Embodiment 7 

20 [0133] In the above Embodiment 6, the buffer units 
23A and 23B which are substantially A-shaped or H- 
shaped link units, each comprising two arms 23m and 
23n interconnected by the buffer member 23k, are used 
to interconnect the n on -rotary case 3a of the inwheel 
25 motor 3 and the knuckle 5 which Is a part around the 
wheel of the vehicle. When a vehicle equipped with the 
Inwheel motor 3 has a shaft type suspension unit, as 
shown in Fig. 31 , a buffer unit 24 similar in construction 
to the above buffer units 23 A and 23B is used to Inter- 
so connect the non-rotary case 3a and a shaft 9 J, thereby 
making it possible to reduce TCFF. 
[0134] The above buffer unit 24 Is a substantially H- 
shaped or Arshaped link unit which comprises two arms 
24m and 24n rotatably connected to the shaft 9J by buff- 
35 er members 24k consisting of a spring or damper. In this 
embodiment, the two arms 24m and 24n are rotatably 
connected to the shaft 9 J by the two buffer members 
24k and 24k having one end connected to the shaft 9 J 
so that the expansion or contraction direction becomes 
*o the vertical direction of the vehicle. The above buffer 
members 24k and 24k may be attached to the arms 24m 
and 24n by an attachment member 24s or directly. 
[0135] Thereby, even in the vehicle having a shaft 
suspension unit, the non-rotary case 3a and the knuckle 
43 s can be intercon nected such that they can move In the 
vertical direction of the motor 3, thereby making it pos- 
sible to further reduce TCFF. 

Embodiment 8 

50 

[0136] Fig. 32 is a diagram showing the constitution 
of an Inwheel motor system according to Embodiment 
8. In the figure, reference numeral 1 denotes a tire, 2 
denotes a wheel consisting of a rim 2a and a wheel disk 
55 2b, 3 denotes an inwheel motor of an outer rotor type, 
4 denotes a hub portion connected to the above wheel 
2 at its rotation axis, 5 denotes a knuckle which Is a part 
around the wheel of a vehicle and connected to a shaft 
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9J, 7 denotes a suspension member composed of a 
shock absorber or the like, 8 denotes a brake mounted 
to the above hub portion 4, 18 denotes a flexible cou- 
pling shown In Figs. 1 6 to 1 8 of the above Embodiment 
3 which comprises hollow disk-like plates having a plu- 5 
rallty of direct-acting guides on the front and back sides 
in such a manner that the working directions thereof are 
perpendicular to each other and which is used to Inter- 
connect the rotary case 3b for supporting the rotor 3R 
of the inwheel motor 3 and the wheel 2 In such a manner 10 
that they can be eccentric from each other In the radial 
direction of the wheel 2, and 25 denotes a buffer unit for 
elastically supporting the non-rotary case 3a which sup- 
ports the stator 3S of the Inwheel motor 3 to the knuckle 
5 In the vertical direction of the vehicle. The rotary case w 
3b and the wheel 2 may be Interconnected by the driving 
force transmission unit such as the constant-velocity 
universal Joint 1 6 of the above Embodiment 2 or the flex- 
ible coupling 19 or 20 of the above Embodiment 5 or 6 
In place of the above flexible coupling 18. 20 
[0137J As shown in Fig. 33, the above buffer unit 25 
comprises two plates 25A and 25B interconnected by 
springs 25b which operate In the vertical direction of the 
vehicle and whose working directions are limited to the 
vertical direction of the vehicle by direct-acting guides 25 
25a and dampers 25c. In this embodiment, four springs 
25b which expand and contract In the vertical direction 
of the vehicle are mounted at the four corners of the 
plate 25B located on the suspension member 7 side (to 
be referred to as "knuckle attachment plate" hereinafter) 30 
and connected to the shaft 9 J linked to the knuckle 5, 
two dampers 25c which expand and contract In the ver- 
tical direction of the vehicle are provided on both sides 
of a connection hole 25m for the shaft 9J formed In the 
center portion thereof, spring receiving portions 25d are 35 
provided at respective positions corresponding to the 
top and bottom portions of the above springs 25b of the 
plate 25A located on the motor 3 side (to be referred to 
as "motor attachment plate" hereinafter), a damper at- 
tachment portion 25e is provided at a position corre- 40 
sponding to the top portion of the above dampers 25c, 
that Is, above a connection hole 25n for the shaft 9J, 
and the above plates 25A and 25B are interconnected 
by the four direct-acting guides 25a symmetrical about 
the center of the plate. 43 
[0138] Since the above motor attachment plate 25A 
and the knuckle attachment plate 255 are guided In the 
vertical direction of the vehicle by the above four direct- 
acting guides 25a and interconnected by the springs 
25b and the dampers 25c, they can confine the inwheel so 
motor 3 In the vertical movement direction while they 
generate attenuation force. 

[0139] In this Embodiments, as the rotary case 3b for 
fixing the rotor 3R of the Inwheel motor 3 and the wheel 
2 are interconnected by the flexible coupling 1 8, and the 55 
non-rotary case 3a for supporting the stator 3S is con- 
nected In such a manner that It is fixed in the rotation 
direction of the wheel 2 (or the shaft 9 J) and It can move 



in the vertical direction of the vehicle, torque transmis- 
sion efficiency from the rotary case 3b to the wheel 2 
can be Improved, TCFF can be reduced, and the road 
holding properties of the vehicle can be improved. 

Embodiment 9 

[0140] In the above Embodiment 8, the plates 25A 
and 25B are interconnected by the direct-acting guides 
25a, springs 25b and dampers 25c. As shown In Fig. 34 
and Fig. 35, the non-rotary case 3a for supporting the 
stator 3S can be fixed In the rotation direction of the 
wheel 2 (or the shaft 9J) with more certainty and con- 
nected such that It can move in the vertical direction of 
the vehicle by using a buffer unit 30 which comprises 
hydraulic cylinders 26 and reservoir tanks 29 connected 
to the hydraulic cylinders 26 by pressure hoses 27 and 
28 In place of the above dampers 25c and 25c, thereby 
making it possible to further reduce TCFF. 
[0141] Fig. 36 shows the details of the above buffer 
unit 30 comprising hydraulic cylinders . In this embodi- 
ment, each of the above reservoir tanks 29 consists of 
an expansion-side reservoir tank 29A which communi- 
cates with the upper chamber 26a of the hydraulic cyl- 
inder 26 and a contraction-side reservoir tank 29B which 
communicates with the lower chamber 26b of the hy- 
draulic cylinder 26, these chambers 26a and 26b are 
separated from each other by a piston 26 P to which one 
end of a piston rod 26L Is fixed, the upper chamber 26a 
of the above hydraulic cylinder 26 and the expansion- 
side reservoir tank 29A are interconnected through an 
expansion-side valve (orifice) 27m, andthe lower cham- 
ber 26b and the contraction-side reservoir tank 29B are 
Interconnected th rough a contraction-side valve (orifice) 
28m. 27n and 28n denote an expansion-side check 
valve and a contraction-side check valve for preventing 
a backflow of working oil 29s into the hydraulic cylinder 
26 from the reservoir tank 29, which are provided In oil 
branch lines 27k and 28k bypassing the above expan- 
sion-side valve 27m and the contract ton-side valve 28m, 
respectively. 

[0142] In this embodiment, as shown in Fig. 35, only 
the simple-structured hydraulic cylinders 26 are mount- 
ed on the knuckle attachment plate 25B connected to 
the knuckle 5 which is a part around the wheel, and the 
reservoir tanks 29 for securing a flow rate of working oil 
29s for generating attenuation force are mounted at po- 
sitions other than a position around the wheel (on the 
unshown car body side of the shaft 9J). 
[0143] The buffer unit 30 of this embodiment has an 
advantage that attenuation force on the expansion side 
of the buffer unit and attenuation force on the contraction 
side of the buffer unit can be separately adjusted be- 
cause the piston upper chamber 26 a andthe piston low- 
er chamber 26b of the hydraulic cylinder 26 are connect- 
ed to the reservoir tanks 29A and 29B by the pressure 
hoses 27 and 28 through the separate valves 27m and 
28m, respectively. 
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[0144J When the piston upper chamber 26a and the 
piston lower chamber 26b of the hydraulic cylinder 26 
are connected to the separate valves 27m and 28m, re- 
spectively, and the both lines are connected to a com- 
mon reservoir tank 29C as shown in Fig. 37, or when 
the piston upper chamber 26a and the piston lower 
chamber 26b of the hydraulic cylinder 26 are connected 
by the separate valves 27m and 28m, and the piston 
lower chamber 26b and the reservoir tank 29C are In- 
terconnected as shown In Fig. 38, the number of parts 
of the buffer unit 30 can be reduced and the buffer unit 
30 can be reduced in size. 

Embodiment 10 

[0145] Fig. 39 Is a diagram showing the constitution 
of an inwheel motor system according to Embodiment 
10 and Fig. 40 Is a sectional view of Its key section. In 
these figures, reference numeral 1 denotes a tire, 2 de- 
notes a wheel consisting of a rim 2a and a wheel disk 
2b, and 31 denotes a hollow Inner rotor type motor (In- 
wheel motor) which comprises a stator 3S fixed to a non- 
rotary case 3a provided on the outer side in the radial 
direction and a rotor 3R fixed to a rotary case 3b rotat- 
ably connected to the above non-rotary case 3a thro ugh 
a bearing 3j and provided on the inner side in the radial 
direction. 

[0146] Reference numeral 4 represents a hub portion 
connected to the above wheel 2 at Its rotation axis, 5 
represents a knuckle connected to upper and lower sus- 
pension arms 6a and 6b, 7 represents a suspension 
member which Is a shock absorber or the like, and 8 
represents a brake which is a brake disk comprising a 
brake rotor 8a and a brake caliper Bb and mounted to 
the above hub portion 4. 

[0147] In this embodiment, the non-rotary case 3a 
which is the outer case of the above inwheei motor 3 1 
and the knuckle 5 which Is a part around the wheel are 
interconnected by a direct-acting guide unit 21 which 
comprises a direct-acting guide member 21 afor guiding 
the above non-rotary case 3a In the vertical direction of 
the vehicle and a shock absorber 21 b consisting of a 
spring member expanding and contracting in the work- 
ing direction of the direct-acting guide member 21 a and 
a damper, and the rotary case 3b which is the inner case 
of the above motor 31 and the wheel 2 are interconnect- 
ed by the flexible coupling 18 which comprises hollow 
disk-like plates 18A to 18C having a plurality of direct- 
acting guides 18p and 18q on the front and back sides 
so that the working directions thereof become perpen- 
dicular to each other as shown In Figs. 1 6 to 1 8 of the 
above Embodiments .The rotary case 3b for supporting 
the rotor 3R of the Inwheel motor 31 and the wheel 2 are 
Interconnected by the above flexible coupling 1 8 in such 
a manner that they can be eccentric from each other in 
the radial direction of the wheel 2. 
[0148] One end of a connection member 21 1 having 
an L-shaped section is fixed to the side opposite to the 



wheel 2 of the n on -rotary case 3a and the other end is 
fixed to the upper end of the above direct-acting guide 
unit 21 having a lower end secured to the knuckle 5. 
[0149] In this Embodiment 10, since the above non- 

5 rotary case 3a is connected to the knuckle 5 by the di- 
rect-acting guide unit 21 which comprises the direct-act- 
ing guide member 21 a for guiding the above non-rotary 
case 3a In the vertical direction of the vehicle and the 
shock absorber 21 b consisting of a spring member ex- 

10 pan ding and contracting in the working direction of the 
direct-acting guide member 21 a and a damper, and the 
Inwheel motor 31 can be float mounted to an unsprung 
mass corresponding portion which is a part around the 
wheel of the vehicle as described above, the axis of the 

is motor and the axis of the wheel can move separately In 
the radial direction. Therefore, the mass of the motor Is 
separated from the unsprung mass of the vehicle and 
functions as the weight of a so-called dynamic damper. 
[0150] Since the weight of the dynamic damper can- 

20 eels unsprung vibration at the time of running over an 
uneven road, TCFF Is reduced with the result that the 
road holding properties of the vehicle are improved, vi- 
bration applied to the motor 31 can be reduced at the 
time of running over a bad road and accordingly, a load 

25 on the motor 3 1 imposed by vibration can be reduced. 
[0151] Since the rotary case 3b of the Inwheel motor 
31 and the wheel 2 are interconnected by the flexible 
coupling 1 8, the Inwheel motor 31 can move in the work- 
ing direction of the direct-acting guides I8p and 1 Bq of 

so the flexible coupling 1 8, that is, the radial direction of the 
hollow disk-like plates 1 8 A to 1 8C but not in the rotation 
direction because It Is restricted by the above direct-act- 
ing guides 1 8p and 1 8q. Therefore, torque from the rotor 
3R can be transmitted to the wheel 2 efficiently. 

35 [0152] Although the axis of the motor and the axis of 
the wheel become eccentric from each other by the vi- 
bration of the motor at the time of running over a bad 
road, torque can be transmitted smoothly by using the 
above flexible coupling 1 8. 

40 [01 53] The transmission efficiency of driving force can 
be further improved by using a driving force transmis- 
sion unit such as the flexible coupling 19 or 20 of the 
above Embodiment 4 or 5 in place of the above flexile 
coupling 18. 

^5 [0154] Even in the Inwheel motor system of the 
present invention, as the mass of the vehicle is support- 
ed by the hub portion 4, a load on the body of the motor 
31 Is small. Therefore, since a change in the air gap be- 
tween the rotor 3 R and the stator 3S can be made small, 

50 the stiffness of the case can be lowered, and the weight 
of the motor 3 can be thereby reduced. 
[01 55] When the outer rotor type motor is used In the 
present Invention, the bearing of the rotation portion on 
the outer race side turns. When the motor runs at a high 

55 speed, the outer race is expanded outward in the radial 
direction by the centrifugal force of the motor, causing 
the dislocation of the bearing which Is not preferred In 
terms of durability. 
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[0156] Therefore, as the bearing on the inner race 
side turns when the inner rotor type motor whose inner 
side turns is used, the inner race expands in the radial 
direction at the time of high-speed rotation, and the dis- 
location of the bearing does not occur accordingly. Since $ 
the Inner rotor type motor Is smaller In the radius of a 
rotation portion than the outer rotor type motor, inertia 
moment can be made smail and response to the oper- 
ation of the accelerator can be Improved, thereby mak- 
ing It possible to realize an Inwheel motor car having io 
excellent running stability. 

< Example 1> 

[0157] The vibration level of the Inwheel motor system « 
according to Embodiment 1 is analyzed based on car 
vibration models as shown in Figs. 41 to 43 and the table 
of Fig. 44 at the time of running over an uneven road 
and the results of comparison with the level of TCFF in 
the system of the prior art are shown in the graph of Fig. 20 
45. 

[0156] in Fig. 45, the horizontal axis shows vibration 
frequency (Hz) and the vertical axis shows the level (N) 
of TCFF. Comparative Example 1-1 is a car vibration 
model without an inwheel motor. £5 
[01 59] Since the Inwheel motor is directly mounted to 
an unsprung mass corresponding portion such as a 
wheel or knuckle In the system of the prior art, its car 
vibration model Is expressed as a two-freedom vibration 
model as shown In Fig. 41 (Comparative Example 1 -2). 30 
Describing in detail, a vibration model in which the un- 
sprung mass m t Is connected to the contact face R of 
the tire by an elastic member k., and a dash pot c 1 and 
In which the above unsprung mass m 1 and the sprung 
mass m 2 are interconnected by an elastic member K 2 35 
and a dash pot C 2 may become a model In which the 
mass of the inwheel motor is added to the above uns- 
prung mass nr^. When the motor is directly mounted, 
the level of TCFF rises due to an Increase in the uns- 
prung mass. Since the tire has a non-linear vertical load <o 
as shown in Fig. 46, If TCFF is large, capability such as 
the cornering power of the tire lowers and the road hold- 
ing properties of the vehicle deteriorate. To maintain 
these at the level of the above Comparative Example 
1 -1 , the total weight of the motor and the part around 45 
the wheel must be made equal to that of the prior art 
system. However, In order to greatly reduce the weight 
of the part around the wheel while the requirement for 
strength is satisfied, a serious cost rise is expected due 
to use of a large amount of a light alloy, which cannot so 
be said to be practical. 

[0150] Meanwhile, to reduce the level of a load 
change at the time of running over an uneven road with- 
out reducing the weight of the part around the wheel, 
there is a method called "dynamic damper". As shown ss 
in Fig. 42, this dynamic damper is represented by a 
three-freedom model (Comparative Example 1-3) In 
which new mass m 3 is added to the above two-freedom 



model shown In Fig. 41 by an elastic member k 3 and a 
dash pot C3. According to this method, the level of TCFF 
can be lowered without reducing the weight. However, 
although the effect of reducing the change Improves 
more as the weight increases In the above dynamic 
damper, this additional weight has a bad Influence such 
as a weight increase on the vehicle. Therefore, the 
above weight cannot be Increased and accordingly 
there Is limitation to the effect of reducing the change. 
[0161] In contrast to this, since the inwheel motor is 
connected to the part around the wheel (unsprung 
mass) by the elastic member, or the elastic member and 
the guide unit as shown in Fig. 1 and Fig. 7 or Fig. 39 in 
the inwheel motor system of the present Invention, the 
car vibration model can be represented by a three-free- 
dom model In which the weight of the dynamic damper 
Is equivalent to the mass m 3 of the above Inwheel motor 
(Example 1-1). 

[0162] Therefore, as shown in the graph of Fig. 45, 
the change level can be reduced without Increasing the 
weight of the vehicle excessively. 
[0163] At this point, the level of TCFF can be reduced 
without fail by adjusting the mass m 3 of the Inwheel mo- 
tor and the elastic constant fcj of the elastic member for 
connecting an unsprung part to ensure that the reso- 
nance frequency f 3 of the above mounted Inwheel motor 
should be higher than the resonance frequency f 2 of 
sprung mass and lower than the resonance frequency 
f., of unsprung mass as shown In the expression below. 

[expression 1] 

[0164] 

f 2 <f 3 <^ 

f - J_ f _ J_ f J_ t™3 

1 ~2«^k 1 2 ~27i^k 2 3 ~2TC^k 3 

[0165] In the above constitution, the motor and the 
part around the wheel can be made lightweight like Ex- 
ample 1 -2, the elastic constant of the elastic member 
can be reduced like Example 1-3, and when the both 
are combined like Example 4, the change level can be 
further reduced (see the table of Fig. 44 and the graph 
of Fig. 46). 

Embodiment 11 

[0166] Fig. 47 is a diagram showing the constitution 
of an inwheel motor system according to Embodiment 
11 . in Fig. 47, reference numeral 1 denotes a tire, 2 de- 
notes a wheel consisting of a rim 2a and a wheel disk 
2b, and 3 denotes an Inwheel motor of an outer rotor 
type which comprises a stator 3S fixed to a non-rotary 
case 3a and a rotor 3R fixed to a rotary case 3b rotatabty 



17 



33 



EP 1 380 459 A1 



34 



connected to the above non-rotary case 3a through a 
bearing 3J and provided on the outer side In the radial 
direction. 

[0167] Reference numeral 4 represents a hub portion 
connected to the wheel 2 at Its rotation axis, 5 repre- 
sents a knuckle which Is a part around the wheel of the 
vehicle and connected to suspension arms 6a and 6b, 
7 a suspension member, and 6 represents a brake. 
[0166] In Embodiment 11 , the non-rotary case 3a of 
the Inwheet motor 3 is connected to the knuckle 5 which 
is a part around the wheel of the vehicle, the rotary case 
3b rotatabty connected to the above non-rotary case 3a 
through the bearing 3j is connected to the rotating wheel 
2 In such a manner that it Is inscribed in the wheel 2, 
and the hub portion 4 connected to the above wheei 2 
at its rotation axis and the knuckle 5 are coupled through 
a hub bearing 31 provided on the Inner side of the hollow 
In wheel motor 3 so that the weight of the vehicle can be 
shared by the wheel 2 and a motor case 3C consisting 
of the above non-rotary case 3a, the bearing 3j and the 
rotary case 3b. 

[0169] That Is, since the weight of the vehicle can be 
shared by the wheel 2 and the motor case 3C in a ratio 
of "stiffness of the wheel Including the stiffness of the 
hub bearing" and "stiffness of the motor case" by em- 
ploying the above structure, the weight of the vehicle for 
each wheel Is shared by the motor case 3C and the hub 
bearing 31 . Thereby, a load on the motor case 3C Is re- 
duced and a change In the air gap 3g between the rotor 
3R and the stator 3S can be reduced, whereby the 
weight of the inwheel motor3 can be reduced by lower- 
ing the stiffness of the motor case 3C or by reducing the 
size of the motor itself. Accordingly, as the unsprung vi- 
bration level and sprung vibration level of the vehicle 
can be reduced, the riding comfort of the vehicle can be 
Improved. 

[0170] As the rotary case 3b which is an outer case is 
connected to the wheel 2 In such a manner that it is in- 
scribed In the wheel 2 In this embodiment, torque can 
be transmitted from the Inwhee! motor 3 to the wheel 2. 
Further as the brake 6 is mounted to the hub portion 4, 
brake torque is transmitted only to the above hub portion 
4 and the knuckle 5 at the time of braking, and brake 
reaction is not applied to the motor case 3C. Therefore, 
the stiffness of the motorcase 3G can be lowered, there- 
by making It possible to further reduce the weight of the 
Inwheel motor 3. 

[01 71 ] By connecting the rotary case 3b to the wheel 
2 by an elastic member 32 as shown in Fig. 48, the dis- 
tortion of the motor case 3C can be further reduced. 
[0172] That Is, as the wheel 2 turns while It is distorted 
by stress In various directions received from the surface 
of a road, the distortion of the motor case 3C can be 
reduced by absorbing the deformation of this wheel 2 
with the above elastic member 32. Therefore, the stiff- 
ness of the motor case 3C can be further lowered and 
the weight of the inwheel motor 3 can be reduced. Since 
the rotary case 3b and the wheel 2 are interconnected 



by the elastic member 32 in the above constitution, If the 
wheel 2 Is distorted, torque can be transmitted from the 
Inwheel motor 3 to the wheel 2. 
[0173] When an elastic material such as rubber is 
5 used in the above elastic member 32, the material con- 
stituting the above elastic member 32 preferably has a 
vertical elastic coefficient of 1 to 120 MPa. The above 
vertical elastic coefficient is more preferably 1 to 40 
MPa. 

10 [0174] When the hub portion 4 is provided with a con- 
nection portion 4D for the drive shaft 9 like an ordinary 
automobile as shown In Fig. 49, power from a car power 
engine or motor other than the inwheel motor 3 can be 
transmitted to the wheel 2 through the drive shaft 9. 

f* Therefore, by connecting the output shaft of a gasoline 
engine car to the hub portion 4 of the Inwheel motor sys- 
tem of this embodiment, a hybrid car can be construct- 
ed. 



[0175] Fig. 50 is a diagram showing the constitution 
of an Inwheel motor system according to Embodiment 
12. In Fig. 50, reference numeral 1 denotes a tire, 2 de- 
notes a wheel consisting of a rim 2a and a wheel disk 
2b, and 3 denotes an Inwheel motor of an outer rotor 
type which comprises a stator 3S fixed to a non-rotary 
case 3a provided on the inner side in the radial direction 
and a rotor 3R fixed to a rotary case 3b rotatabfy con- 
nected to the above non-rotary case 3a through a bear- 
ing 3j and provided on the outer side in the radial direc- 
tion. 

[0176] Reference numeral 4 represents a hub portion 
connected to the wheel 2 at Its rotation axis, 5 repre- 
sents a knuckle which is a part around the wheel of the 
vehicle and connected to upper and lower suspension 
arms 6a and 6b, 7 represents a suspension member 
which Is a shock absorber or the like, and 8 represents 
a brake which is a brake disk mounted to the above hub 
portion 4. 

[0177] Reference numeral 33 denotes a motor buffer 
unit for connecting the above Inwheel motor 3 to a car 
body 1 00 side, 34 denotes a flexible coupling which is 
a driving force transmission unit having the same con- 
stitution as the above Embodiment 4 and Interposed be- 
tween the Inwheel motor 3 and the wheel 2, and 35 de- 
notes a direct-acting guide unit having the same consti- 
tution as the above Embodiment 4 and interposed be- 
tween the above non-rotary case 3a and the knuckle 5. 
This direct-acting guide unit 35 is provided with a spring 
member 36 for preventing a collision between the wheel 
2 and the Inwheel motor 3, which is not directly connect- 
ed to the above non-rotary case 3a but only to the knuck- 
le 5. 

[0178] The above motor buffer unit 33 comprises a 
motor arm 33a extending toward the car body 100 and 
a damper 33b which is an elastic member or spring 
member for connecting this motor arm 33a to the car 
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body 1 00. The above motor arm 33a connected to the 
car body 100 side by this damper 33b is used to support 
the non-rotary case 3a of the Inwheel motor 3. There- 
fore, the Inwheel motor 3 is vibrated not In the rotation 
direction but only In the vertical direction with respect to 
the car body 100 and wheel 2 by the flexible coupling 
34 so that torque can be transmitted efficiently and the 
above motor 3 is mounted on the car body 1 00 side by 
the above motor buffer unit 33. Thus, the Inwheel motor 
3 can be mounted to a sprung portion. 
[0179] Since the non-rotary case 3a of the inwheel 
motor 3 is mounted on the car body 1 00 side by the mo- 
tor buffer unit 33 in the inwheel motor system of Embod- 
iment 12, the Inwheel motor 3 is mounted to a sprung 
portion, thereby making It possible to reduce the uns- 
prung mass. Therefore, TCFF can be reduced and the 
running stability of the vehicle can be improved. 
[0160] In this embodiment, the spring member 36 for 
preventing a collision between the wheel 2 and the in- 
wheel motor 3 plays the role of a bump rubber for pre- 
venting a collision between the wheel 2 and the inwheel 
motor 3. Therefore, even when the suspension makes 
a great stroke by the rolling of the car body, It is possible 
to prevent a collision between the wheel 2 and the In- 
wheel motor 3. Even when the above spring member 36 
for preventing a collision Is Interposed between the ro- 
tary case 3b and the wheel 2, the same effect can be 
obtained. The above spring member 36 for preventing 
a collision may be Interposed between the case and the 
knuckle, or both between the wheel and the motor and 
between the case and the knuckle. 
[01 61 ] As shown In Fig. 51 , the non-rotary case 3a of 
the Inwheel motor 3 and the knuckle 5 are Interconnect- 
ed by a buffer member 37 which Is a spring member In 
addition to the above direct-acting guide unit 35 and by 
the spring member 36 for preventing a collision, thereby 
making it possible to further reduce TCFF. That is, the 
Inwheel motor 3 Is connected to the knuckle 5 which Is 
an unsprung mass corresponding portion of the vehicle 
by the buffer member 37, whereby the mass of the In- 
wheel motor 3 functions as the weight of a so-called dy- 
namic damper for the unsprung mass. Therefore, TCFF 
can be further reduced when the vehicle runs over an 
uneven road, and the road holding properties of the ve- 
hicle can be Improved. Since the mass of the inwheel 
motor 3 can be separated from the unsprung mass cor- 
responding portion of the vehicle by the above constitu- 
tion, even when the vehicle runs over a bad road, vibra- 
tion is not directly transmitted to the above inwheel mo- 
tor 3, and a load on the Inwheel motor 3 Imposed by 
vibration Is reduced. 

<Example 2> 

[0182] The graph of Fig. 56 shows the analytical re- 
sults of the level of TCFF in the inwheel motor system 
of Embodiment 12 and the prior art system using car 
vibration models as shown In Figs. 52 to 54 and the table 



of Fig. 55 when the vehicle runs over an uneven road. 
Comparative Example 2-1 is an electric car which does 
not employ an ordinary inwheel motor system and In 
which the mass of the motor corresponds to the sprung 
5 mass as the motor Is mounted on the car body side. 
[0183] In Fig. 56, the horizontal axis shows vibration 
frequency (Hz) and the vertical axis shows the level (N) 
of TCFF. 

[0184] For example, as the motor Is mounted to the 
10 wheel or knuckle in the conventional Inwheel system 
shown In Fig. 79, the mass of the motor corresponds to 
the unsprung mass. The car vibration model Is a two- 
freedom unsprung vibration model (Comparative Exam- 
ple 2-2) as shown in Fig. 52 . Describing In more detail, 
is the vibration model in which the unsprung mass m., is 
connected to the contact face of the tire by the elastic 
member k n and the dash pot c 1 and in which the above 
unsprung mass m 1 and the sprung mass rr^ are Inter- 
connected by the elastic member k 2 and the dash pot 
C2 becomes a model in which the mass of the Inwheel 
motor Is added to the above unsprung mass m^. Thus, 
as the unsprung mass increases when the motor Is di- 
rectly mounted, the level of TCFF rises and the capabil- 
ity of the tire deteriorates (Fig. 56). 
[0185] To maintain this level of TCFF at the level of 
the above Comparative Example 2-1 , the total weight of 
the motor and a part around the wheel must be made 
equal to that of the prior art system as shown In Com- 
parative Example 2-3. However, a serious cost rise Is 
expected because a large amount of a light alloy must 
be used to greatly reduce the weight of the part around 
the wheel while the requirement for strength Is satisfied, 
which cannot be said to be practical. 
[0186] In contrast to this, In the Inwheel motor system 
of the present Invention, the Inwheel motor Is mounted 
on the car body 100 side by a motor buffer unit corre- 
sponding to the elastic member k 3 and the dash pot c 3 
as shown in Fig. 50. Therefore, the car vibration model 
is a three-freedom model (Example 2-1) In which the 
mass m 3 of the motor is connected to the sprung mass 
m 2 by the elastic member ks and the dash pot c 3 as 
shown In Fig. 53 In the two-freedom model shown In Fig. 
52. 

[0187] Therefore, as shown in the graph of Fig. 56, 
the level of TCFF can be made equal to that of an electric 
motor which does not employ an ordinary inwheel motor 
system shown In the above Comparative Example 1 . 
[0188] When the inwheel motor is mounted on the car 
body side by the above buffer unit, and the buffer mem- 
ber consisting of the elastic member K* and the dash pot 
c 4 Is added between the Inwheel motor and the part 
around the wheel as shown In Fig. 51 , the car vibration 
model becomes a model as shown in Fig. 54 In which 
the mass m 3 of the motor Is connected to the sprung 
mass m 2 by the elastic member k 3 and the dash pot 03 
and in which the mass m 3 of the above motor is con- 
nected to the unsprung mass m 1 to become the weight 
of a dynamic damper (Example 2-2). 
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[0189] Therefore, as shown In the graph of Fig. 56. 
the level of TCFF can be reduced by 1 0 Hz or more with- 
out increasing the weight of the vehicle excessively. 
[0190] A 10 Hz or more further reduction In the level 
of TCFF can be achieved by Increasing spring force l^ 
between the motor and the part around the wheel and 
by reducing spring force k 3 between the inwheel motor 
and the car body like Example 2-3. 

Embodiment 13 

[0191] In the above Embodiments 1 to 12, an ordinary 
inwheel motor 3 has been described. When a geared 
motor consisting of a hollow Inner rotor type motor and 
a speed reducing gear Is mounted to an unsprung mass 
corresponding portion of the vehicle by a buffer member 
or a buffer unit, TCFF Is reduced, thereby making It pos- 
sible to Improve road holding properties and transmit 
torque to the wheel without fail. 
[0192] Fig. 57 Is a diagram showing the constitution 
of an inwheel motor system according to Embodiment 
13, and Fig. 58 is a sectional view of the key section of 
the system. In these figures, reference numeral 1 de- 
notes a tire, 2 denotes a wheel consisting of a rim 2a 
and a wheel disk 2b, 40 denotes a geared motor (in- 
wheel motor) which Incorporates an electric motor 41 
and a planetary speed reducer 42 In a motor case 43, 
4 denotes a hub portion connected to the wheel 2 at Its 
rotation axis, 5 denotes a knuckle which is a part around 
the wheel of the vehicle and connected to upper and 
lower suspension arms 6a and 6b, 7 denotes a suspen- 
sion member which Is a shock absorber or the like, and 
8 denotes a brake which is a brake disk mounted to the 
above hub portion 4. 

[0193] Reference numeral 44 represents an elastic 
member for connecting the motor case 43 which Is the 
non-rotary portion of the geared motor 40 to the knuckle 
5, and 45 represents a shaft having a universal Joint 45 j, 
for connecting the output shaft of the planetary speed 
reducer 42 to the wheel 2. 

[0194] The electric motor 41 of the geared motor 40 
is a hollow Inner rotor type motor which comprises a sta- 
tor 41 S fixed to a non-rotary case 41a provided on the 
outer side in the radial direction and a rotor 41 R fixed to 
a rotary case 41 b rotatably connected to the above non- 
rotary case 41 through a bearing 41 j and provided on 
the inner side In the radial direction. The above non-ro- 
tary case 41 a is mounted to the motor case 43 connect- 
ed to the knuckle 5 which is a fixed portion by the elastic 
members 44, and the rotary case 41b is connected to 
the sun gear 42a of the planetary speed reducer 42 by 
a connection member 41 d and rotatably connected to 
an Inner wall 43a constituting the hollow shaft portion of 
the motor case 43 through a bearing 43b. In the above 
planetary speed reducer 42, the rotation speed of the 
above sun gear 42a is changed to a speed correspond- 
ing to the rotation speed of the planetary gear 42b to be 
reduced and transmitted to the wheel 2 by the above 



shaft 45 connected to the output shaft of the planetary 
speed reducer 42 from a carrier 42c. 
[0195] To Interconnect the motor case 43 and the 
knuckle 5 by the elastic members 44 in this embodiment, 

5 as shown In Fig. 59, four elastic members 44 are ar- 
ranged symmetrical on a disk-like motor attachment 
member 46, and a motor attachment unit 47 which has 
direct-acting guides 47k, interposed between the above 
elastic members 44 and 44, for guiding the motor case 

10 43 in the vertical direction Is used to Interconnect the 
motor case 43 and the knuckle 5, thereby limiting the 
moving direction of the motor to the vertical direction of 
the wheel. 

[0196] Since the motor case 43 which is the non-ro- 
ts tary portion of the geared motor 40 is mounted to the 
knuckle 5 by the elastic members 44 as described above 
to float mount the above geared motor 40 to an uns- 
prung mass corresponding portion which is a part 
around the wheel of the vehicle, the axis of the motor 
and the axis of the wheel can move separately In the 
radial direction. Thereto re, the mass of the motor is sep- 
arated from the unsprung mass corresponding portion 
of the vehicle and functions as the weight of a so-called 
dynamic damper like the above Embodiments 1 to 1 2 to 
cancel unsprung vibration at the time of running over an 
uneven road, thereby reducing TCFF. Therefore, the 
road holding properties of the vehicle can be Improved 
and vibration applied to the geared motor 40 at the time 
of running over a bad road can be reduced, thereby 
making it possible to reduce a load on the above motor 
40 imposed by vibration. Since the motor case 43 and 
the knuckle 5 are Interconnected by the elastic members 
44 and the motor attachment unit 47 having the direct- 
acting guides 47k for guiding the motor case 43 In the 
vertical direction, the geared motor 40 can move in the 
vertical direction of the vehicle but not in the rotation di- 
rection by the restriction of the direct-acting guides 47k. 
Therefore, the rotation of the motor case 43 which Is a 
non-rotary portion can be prevented. Although the motor 
vibrates and the axis of the motor and the axis of the 
wheel become eccentric from each other at the time of 
running over a bad road, the torque of the motor can be 
transmitted smoothly by using the above universal joint 
45j even when these axes become eccentric from each 
other. 

[0197] Since the mass of the vehicle is supported by 
the hub portion 4 in the inwheel motor system of this 
embodiment, a load on the body of the motor 40 is small. 
Therefore, a change in the air gap betweenthe rotor41 R 
and the stator 41 S can be made small, whereby the stiff- 
ness of the case can be reduced and the motor 40 can 
be made lightweight. 

[0198] Since the geared motor 40 is connected to the 
hub portion 4 by the shaft 45 having the universal joints 
45j passing through the center thereof, even when the 
geared motor 40 moves relative to a portion around the 
wheel, torque can be transmitted to the wheel 2 without 
fail. 
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[0199] Since the geared motor 40 Is used as the in* 
wheel motor In this embodiment, compared with a case 
where a direct drive motor of an outer rotor type Is used, 
the capacity of the motor can be made smaller to gen- 
erate the same torque and the mass of the motor can 
be reduced, thereby making It possible to reduce the to- 
tal weight of the vehicle and the production cost of the 
motor. Further, since the gear ratio of the geared motor 
40 can be selected, a torque curve can be freely set with 
the same motor, thereby Improving the general-applica- 
bility of the motor compared with a direct drive motor of 
an outer rotor type. 

<Example 3> 

[0200] The graph of Fig. 64 shows the analytical re- 
sults of the level of TCFF In the In wheel motor system 
of the above Embodiment 1 3 and the system of the prior 
art using car vibration models at the time of running over 
an uneven road as shown in Figs. 60 to 62 and the table 
of Fig. 63. 

[0201] Comparative Example 3-1 Is an electric car 
which does not employ an ordinary inwheel motor sys- 
tem In which the mass of the motor corresponds to the 
sprung mass as the motor is mounted on the car body 
side. 

[0202] Since the motor Is mounted to an unsprung 
mass corresponding portion such as the wheel or knuck- 
le In the conventional inwheel motor system, a car vi- 
bration model is atwo-freedom unsprung vibration mod- 
el as shown in Fig. 60 (Comparative Example 3-2 in the 
table of Fig. 63). Describing In more detail, the model is 
a vibration model in which the mass of the Inwheel motor 
Is added to the above unsprung mass m 1 in the vibration 
model In which the unsprung mass m 1 Is connected to 
the contact face of the tire by the elastic member k 1 and 
the dash pot c 1t and the above unsprung mass m 1 and 
the sprung mass m 2 are interconnected by the elastic 
member k 2 and the dash pot C2. Thus, when the motor 
is directly mounted to an unsprung mass corresponding 
portion, the unsprung mass increases with the result 
that the level of TCFF rises and the road holding prop- 
erties deteriorate as shown in Fig. 64. 
[0203] To maintain this level of TCFF at the level of 
the above Comparative Example 3-1 , the total weight of 
the motor and a part around the wheel must be made 
equal to that of the prior art system. However, to greatly 
reduce the weight of the part around the wheel while the 
requirement for strength is satisfied, a serious cost rise 
is expected due to use of a large amount of a light alloy, 
which cannot be said to be practical. 
[0204] Meanwhile, as means of reducing TCFF at the 
time of running over an uneven road without reducing 
the above weight, there Is a method called "dynamic 
damper" represented by a model shown in Fig. 61 (Com- 
parative Example 3-3 in the table of Fig. 63). This is a 
three-freedom model In which new weight m 3 Is added 
to the unsprung mass m 1 of the two-freedom model of 



Fig. 60 by the elastic member k 3 and the dash pot C3 
and has the effect of reducing TCFF as shown In Fig. 64. 
[0205] This method is more effective as the additional 
weight m 3 Increases. As this additional weight merely 
s serves to Increase the weight of the vehicle besides to 
reduce the above change, It has a bad influence on the 
vehicle. Therefore, there is limitation to the increase of 
the above weight m 3 . 

[0206] In contrast to this, since the Inwheel motor 
*o (geared motor) 40 is mounted on the car body side by 
the elastic members 44 in the Inwheel motor system of 
the present invention as shown In Fig, 57, the car vibra- 
tion model can be represented by a three-freedom mod- 
el (Example 3-1) In which the mass of the motor is con- 
's nected to the unsprung mass m 1 by the elastic member 
l^ and the dash pot Cjj as shown In Fig. 62. This Is a 
model In which the mass of the motor added to the un- 
sprung mass m^ Is removed and this mass of the motor 
is designated as additional weight m 3 used in the dy- 
20 namlc damper in Fig. 61. Therefore, as shown In the 
graph of Fig. 64, the level of TCFF can be made equal 
to that of an electric car which does not employ an ordi- 
nary Inwheel motor system shown In the above Com- 
parative Example 3-1 without Increasing the weight of 
25 the vehicle excessively. 

[0207] When the weight of the motor and the weight 
of the part around the wheel are both reduced In the 
above Example 3-1 (Example 3-2 ), when the elastic co- 
efficient of the elastic member Is reduced (Example 3-3) 
30 and when both of them are combined (Example 3-4), 
the level of TCFF can be further reduced. 

Embodiment 14 

35 [0208] Fig. 65 Is a diagram showing the constitution 
of an Inwheel motor system according to Embodiment 
14. In the figure, reference numeral 1 denotes a tire, 2 
denotes a wheel consisting of a rim 2a and a wheel disk 
2b, and 3 denotes an inwheel motor of an outer rotor 

40 type which comprises a stator 3S fixed to a non-rotary 
case 3a provided on the inner side in the radial direction 
and a rotor 3R fixed to a rotary case 3b rot at ably con- 
nected to the above non-rotary case 3a through a bear- 
ing 3 j and provided on the outer s ide in the radial di- 

45 recti on. 

[0209] Reference numeral 4 represents a hub portion 
connected to the wheel 2 at Its rotation axis, 5 repre- 
sents a knuckle which is a part around the wheel of the 
vehicle and connected to upper and lower suspension 
50 arms 6a and 6b, 7 represents a suspension member 
which is a shock absorber or the like, and 8 represents 
a brake which Is a brake disk mounted to the above hub 
portion 4. 

[0210] In this embodiment, the rotary case 3b of the 
55 above inwheel motor 3 is connected to the wheel 2 by 
a flexible coupling 51 . The above flexible coupling 51 is 
identical to the flexible coupling 18, 1 9 or 20 shown In 
Figs. 22 to 25 of Embodiment 4, Figs. 29 and 30 of Em- 
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bodiment 5 or Figs. 32 and 33 of the above Embodiment 
6. 

[0211] Meanwhile, the non-rotary case 3a Is mounted 
to the peripheral portion of a disk-like motor attachment 
member 52 having a cut-out portion 52S in the center 
as shown In Fig. 66. This motor attachment member 52 
is connected to a hollow oval disk-like motor vertical 
support member 55 having a long axis In the longitudinal 
direction by dampers 53 which are spring members 
mounted to slide guides 53G for guiding In the vertical 
direction of the vehicle and direct-acting guides 54 for 
guiding in the vertical direction of the vehicle. Further, 
this motor vertical support member 55 is mounted to the 
knuckle 5 which is a fixed portion by elastic members 
56, direct-acting guides 57 for guiding in the longitudinal 
direction of the vehicle and a hollow disk-like knuckle 
attachment member 58. in this embodiment, four damp- 
ers 53 and four direct-acting guides 54 for Interconnect- 
ing the above motor attachment member 52 and the mo- 
tor vertical support member 55, and four elastic mem- 
bers 56 and four direct-acting guide 57 for Interconnect- 
ing the above motor vertical support member 55 and the 
knuckle attachment member 56 are disposed alternate- 
ly and symmetrically In the circumferential direction. 
[0212] Thereby the inwheel motor 3 can be supported 
by the direct-acting guides and the elastic members In 
the vertical direction of the vehicle, and the vertical di- 
rection support part and the knuckle which is a part 
around the wheel can be supported by the direct-acting 
guides and the elastic members in the longitudinal di- 
rection of the vehicle. 

[0213] That Is. since the non-rotary case 3a of the In- 
wheel motor 3 Is connected to the hollow oval disk-like 
motor vertical support member 55 by the dampers 53 
and the direct-acting guides 54 for guiding in the vertical 
direction of the vehicle, the Inwheel motor 3 can be float 
mounted to an unsprung mass corresponding portion 
which is a part around the wheel of the vehicle, and the 
axis of the motor and the axis of the wheel can move 
separately only In the vertical direction. Therefore, the 
mass of the motor Is separated from the unsprung mass 
of the vehicle and functions as the weight of a so -called 
dynamic damper. As the weight of the dynamic damper 
cancels unsprung vibration at the time of running over 
an uneven road, TCFF is reduced, the road holding 
properties of the vehicle are improved, and a load on 
the motor 3 imposed by vibration at the time of running 
over a bad road can be made small. 
[0214] Since the motor 3, the motor attachment mem- 
ber 52 and the motor vertical support member 55 are 
connected to the knuckle 5 by the elastic members 56 
and the direct-acting guides 57 for guiding In the longi- 
tudinal direction of the vehicle to support the knuckle In 
the longitudinal direction of the vehicle, the axis of the 
motor and the axis of the wheel can move separately in 
the longitudinal direction of the vehicle as well, whereby 
the tire longitudinal force fluctuation can be reduced and 
the performance of the tire can be stabilized. 



[021 5] Since the rotary case 3b of the motor 3 and the 
wheel 2 are Interconnected by the flexile coupling 51 In 
this embodiment, rotating torque from the rotor 3R can 
be efficiently transmitted to the wheel 2 and torque can 
s be smoothly transmitted even when the axis of the motor 
and the axis of the wheel become eccentric from each 
other due to the vibration of the motor at the time of run- 
ning over a bad road. 

[0216] A constant-velocity universal joint as shown In 
10 Figs. 14 and 15 of the above Embodiment 2 may be 
used as means of Interconnecting the above rotary case 
3b and the wheel 2. Since the inwheel motor 3 moves 
within the wheel 2 in the vertical and longitudinal direc- 
tions when the rotation center of the wheel-side Joint is 
shifted from the rotation center of the motor-side Joint, 
torque can be smoothly transmitted even when they be- 
come eccentric from each other. 
[0217] Since the mass of the vehicle Is supported by 
the hub portion 4 in this embodiment, a load on the body 
of the motor 3 is small. Therefore, a change In the air 
gap between the stator and the rotor can be reduced, 
thereby making it possible to reduce the stiffness of the 
case and the weight of the motor 3. 
[0218] In the above embodiment, an outer rotor type 
motor is used as the inwheel motor 3. Even when an 
inner rotor type motor 3 1 is used as shown in Fig. 67, the 
same effect can be obtained. 

Embodiment 15 

[0219] In the above Embodiment 14, the inwheel mo- 
tor 3 which Is a direct drive motor Is mounted, Similarly, 
as shown In Fig. 68 and Fig. 69, a geared motor 40 which 
comprises an electric motor 41 and a speed reducing 
gear (planetary speed reducer) 42 In a motor case 43 
shown In Figs. 57 and 58 of the above Embodiment 13 
may be mounted. 

[0220] To mount the geared motor 40, as shown In 
Fig. 70, the non-rotary motor case 43 is mounted to a 
hoilow disk-like motor attachment member 63 by direct- 
acting guides 61 for guiding in the vertical direction of 
the vehicle and elastic members 62, and this motor at- 
tachment member 63 is mounted to the knuckle 5 which 
is a fixed portion by a hollow disk-like knuckle attach- 
ment member 66 by elastic members 64 and direct-act- 
ing guides 65 for guiding In the longitudinal direction of 
the vehicle. Like the above Embodiment 13, the output 
shaft of the speed reducing gear 42 and wheel 2 are 
interconnected by a shaft 45 having a universal joint 45j 
(see Fig. 68 and Fig. 69). 

[0221 ] The rotation speed of the rotor 41 R Is changed 
to a speed corresponding to the rotation speed of the 
planetary gear 42b which turns around a sun gear 42a 
to be reduced and transmitted to the wheel 2 by the 
above shaft 45 connected to the output shaft of the plan- 
etary speed reducer 42 from a carrier 42c. 
[0222] In this embodiment, four direct-acting guides 
61 and four elastic members 62 are arranged alternately 
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and symmetrically In the circumferential direction to con- 
nect the above motor case 43 to the motor attachment 
member 63, and tour elastic members 64 and four di- 
rect-acting guides 65 are arranged alternately and sym- 
metrically In the circumferential direction to connect the 
above motor attachment member 63 to the knuckle at- 
tachment member 66. 

[0223] Thereby, the geared motor 40 Is supported by 
the direct-acting guides and the elastic members In the 
vertical direction of the vehicle, and the vertical direction 
support member and the knuckle which Is a part around 
the wheel are supported by the direct-acting guides and 
the elastic members in the longitudinal direction of the 
vehicle. Therefore, the above geared motor 30 can be 
float mounted to an unsprung mass corresponding por- 
tion which Is a part around the wheel of the vehicle, and 
the axis of the motor and the axis of the wheel can move 
separately in the radial direction and also In the longitu- 
dinal direction of the vehicle. As a result, TCFF can be 
reduced, the road holding properties of the vehicle can 
be Improved, the tire longitudinal force fluctuation can 
be reduced, and accordingly, the performance of the tire 
can be stabilized. 

[0224] Since the geared motor 40 Is connected to the 
hub portion 4 by the shaft 45 having a universal joint 45j 
passing through the center thereof, even if the geared 
motor 40 moves relative to the part around the wheel, 
torque can be transmitted to the wheel 2 without fail. 

<Example 4> 

[0225] The graphs of Fig. 76 and Fig. 77 show the an- 
alytical results of fluctuations in tire. contact force and 
longitudinal force In the Inwheel motor system of the 
above Embodiment 15 and the system of. the prior art 
using car vibration models at the time of running over 
an uneven road as shown in Figs. 71 to 74 and the table 
of Fig. 75. Figs. 71(a) to 74(b) show vertical direction 
vibration models and Figs. 71(b) to 74(b) show longitu- 
dinal direction vibration models. In Figs. 76 and 77, the 
horizontal axis shows vibration frequency (Hz) and the 
vertical axis shows the level of TCFF (N) and the level 
of tire longitudinal force fluctuation (N). 
[0226] Comparative Examples 4-1 to 4-3 are ordinary 
suspension type electric vehicles (EV) in which the 
mass of the motor corresponds to the sprung mass as 
the motor is mounted on the car body side. Therefore, 
the car vibration models of the above examples are two- 
freedom unsprung vibration models shown in Figs. 71 
(a) and 71(b). Describing in more detail, the vibration 
models are a model In which the mass of the electric 
motor is added to the unsprung mass m. In the vibration 
model In which the unsprung mass m., Is connected to 
the contact face of the tire by the elastic member k., and 
the dash pot c t , and the above unsprung mass m 1 and 
the sprung mass m 2 are Interconnected by the elastic 
member kg and the dash pot c^. 
[0227] Since the motor Is mounted to the wheel or the 



knuckle in a vehicle (IWM) which employs the inwheel 
motor system of the prior art shown In Figs. 78 to 80, 
the mass of the motor corresponds to the unsprung 
mass. Therefore, the car vibration model Is a two-f ree- 

5 dom unsprung vibration model In which the mass of the 
inwheel motor Is added to the unsprung mass m 1 as 
shown in Figs. 72(a) and 72(b) (Comparative Example 
4-4). When the motor is directly mounted to an unsprung 
mass corresponding portion like Comparative Example 

10 4-4, the unsprung mass increases with the result that 
the level of TCFF rises and the road holding properties 
deteriorate as shown In Fig. 76. Also, as shown In Fig. 
77, the level of tire longitudinal force fluctuation increas- 
es and the performance of the tire become unstable. 

13 [0228] Then, when the unsprung mass Is reduced In 
Comparative Example 4-1 like the above Comparative 
Example 4-2, or the stiffness In the longitudinal direction 
of the suspension Is Increased like the above Compar- 
ative Example 4-3, the level of tire lo ngitudinal force fluc- 

20 tuatlon is reduced. Since the mass of the Inwheel motor 
Is added to the unsprung mass m 1 In this Comparative 
Example 4-4, the level of tire longitudinal force fluctua- 
tion rises. 

[0229] Therefore, to maintain this level at the level of 
25 the above Comparative Example 4-1 in which the motor 
is not mounted, the total weight of the motor and a part 
around the wheel must be made equal to that of the prior 
art system. However, in order to greatly reduce the 
weight of the part around the wheel while the require- 
so ment for strength Is satisfied, a serious cost rise is ex- 
pected due to use of a large amount of a light alloy, which 
cannot be said to be practical. 

[0230] Meanwhile, as means of reducing TCFF at the 
time of running over an uneven road without reducing 

55 the above weight, there is a method called "dynamic 
damper" represented by models shown In Figs. 73(a) 
and 73(b) (Comparative Example 4-5 in the table of Fig. 
75). These are a three-freedom model in which new 
weight m 3 is added to the unsprung mass m-, of the two- 

40 freedom models shown in Figs. 72(a) and 72(b) by the 
elastic member k3 and the dash pot c 3 and has the effect 
of reducing the level of TCFF and the level of tire longi- 
tudinal force fluctuation. 

[0231] This method is more effective as the additional 
45 weight m 3 Increases. As this additional weight merely 
serves to increase the weight of the vehicle besides to 
reduce the above change levels, it has a bad Influence 
on the vehicle. Therefore, there is limitation to the In- 
crease of the above weight m 3 . 
50 [0232] In contrast to this, since the inwheel motor 3 
(31, 40) Is mounted on the car body side by the elastic 
members and/or attenuation unit as shown In Fig. 65, 
Fig. 67 or Fig. 68 In the Inwheel motor system of the 
present Invention, the car vibration model Is a three- 
55 freedom model (Example 4-1 of Fig. 75) in which the 
mass of the motor is connected to the unsprung mass 
m-\ by the elastic member and the dash pot C3 as 
shown In Figs. 74(a) and 74(b). This model is obtained 
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by removing the mass of the motor added to the uns- 
prung mass nr^ and using this mass of the motor as ad- 
ditional weight m 3 for use In the dynamic damper In Figs. 
74(a) and 74(b). Therefore, as shown In the graphs ot 
Fig. 76 and Fig. 77, the level of TCFF and the level of 5 
tire longitudinal force fluctuation can be made equal to 
those of an electric car which does not employ an ordi- 
nary In wheel motor system shown In the above Com- 
parative Example 1 without increasing the weight of the 
vehicle excessively. 10 
[0233] Since the weight of the dynamic damper In- 
creases when the motor Is made heavy In the above Ex- 
ample 1 (Example 4-2 of Fig. 75), the level of TCFF and 
the level of tire longitudinal force fluctuation can be fur- 
ther reduced. ts 
[0234] As the above change levels rise when the elas- 
tic coefficient of the elastic member is Increased (Exam- 
ple 4-3), the elastic coefficient of the elastic member Is 
preferably made small. 

20 

Industrial feasibility 

[0235] As described above, according to the present 
invention, when the Inwheel motor is to be mounted to 
the direct drive wheel, the above motor is mounted to 25 
an unsprung mass corresponding portion of the vehicle 
by a buffer member or buffer unit to function as the 
weight of a dynamic damper for the unsprung mass. 
Therefore, the level of TCFF at the time of running over 
an uneven road can be reduced, the road holding prop- 30 
erties of the vehicle can be improved, and further a load 
on the Inwheel motor Imposed by vibration can be re- 
duced. 

[0236] By employing the Inwheel motor system of the 
present invention, an inwheel motor vehicle having ex- 35 
eel lent space efficiency and transmission efficiency of 
driving force and high road holding properties can be 
realized. 



Claims 

1. A method of mounting an inwheel motor(3) to a di- 
rect drive wheel (2), comprising mounting the motor 

(3) to an unsprung mass corresponding portion (5) <*5 
of a vehicle by a buffer member(11) or a buffer unit 
(25). 

2. The method of mounting an inwheel motor accord- 
ing to claim 1 , wherein the non-rotary case(3a) of so 
the motor (3) and a knuckle(5) are interconnected 

by a first elastic member(11), and the rotary case 
(3b) of the motor and the wheel (2) are Interconnect- 
ed by a second elastic member(13). 

55 

3. The method of mounting an inwheel motor accord- 
ing to claim 1, wherein the non-rotary case(3a) of 
the motor for supporting the stator(3S) of the motor 



(3) and a knuckle(5) which is a part around the 
wheel of the vehicle are Interconnected by a direct- 
acting guide unit(21 ), and the rotary case (3b) of the 
motor for supporting the rotor(3R) of the motor(3) 
and the wheel(5) are interconnected by a driving 
force transmission unit(18) which can be eccentric 
from the wheel(5) in the radial direction. 

4. The method of mounting an Inwheel motor accord- 
ing to claim 1 , wherein the non-rotary case(3a) of 
the motor(3) and a knuckle(5) are Interconnected 
by a direct-acting guide unlt(21 ) including a damper, 
and the rotary case(3b) of the motor and the wheel 
(5) are interconnected by a second elastic member 
(13). 

5. A method of mounting an Inwheel motor(2) to a di- 
rect drive wheel(2), comprising mounting the non- 
rotary case(3a) of the motor(3) on a car body side 
(100)byabufferunlt(33). 

6. The method of mounting an Inwheel motor accord- 
ing to any one of claims 1 to 5, wherein the motor 
(3) is mounted to ensure that the resonance fre- 
quency of the mounted motor should become high- 
er than the resonance frequency of sprung mass 
and lower than the resonance frequency of uns- 
prung mass. 

7. An Inwheel motor system comprising a hollow elec- 
tric motor{3) in a wheel portion to drive the wheel 

(2) , wherein the motor(3) Is mounted to an unsprung 
- - mass . corresponding portion(5) of a wheel, a car 

body slde(1 00), or both of them, by a buffer member 

* .(11) or a buffer unit(25). 

* - ♦ 

8. The inwheel motor system according to claim 7, 
wherein the motor(3) and the wheel(2) are Intercon- 
nected by a constant-velocity universal Jolnt(1 6) or 
by a driving force transmission unlt(16) which can 
be eccentric from the wheel (2) in the radial direc- 
tion. 

9. The inwheel motor system according to claim 8, 
wherein the driving force transmission unlt(18) is a 
coupling unlt(1 8) which comprises a plurality of hol- 
low disk-like plates(18A~18C) and direct-acting 
guldes(18p,18q) for Interconnecting adjacent 
plates(18A— 18C) and for guiding the adjacent 
plates(18A-1BC) In the radial direction of the disk. 

10. The Inwheel motor system according to any one of 
claims 7 to 9, wherein the n on- rotary case(3a) of 
the motor for supporting the stator(3S) of the motor 

(3) and a knuckle (5) which is a part around the 
wheel ot a vehicle are interconnected by a direct- 
acting guide unlt(21). 
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1 1 . The inwheel motor system according to any one of 
claims 7 to 10, wherein a buffer member(H) or a 
buffer unit(25) Is provided between the non-rotary 
case(3a) of the motor(3) and the knuckle(5) or/and 
between the rotary case(3b) and the wheel(2). 

12. The inwheel motor system according to claim 7, 
wherein the non-rotary case(3a) of the motor for 
supporting the stator(3S) of the motor(3) and a 
knuckie(5) which Is a part around the wheel of the 
vehicle are Interconnected by at irst elastic member 
(11), and the rotary case(3b) of the motor for sup- 
porting a rotor(3R) and the wheel(2) are intercon- 
nected by a second elastic member(13). 

13. The Inwheel motor system according to claim 12, 
wherein at least one or both of the first and second 
elastic members(11,13) are an alrspring(11T,13T). 

14. The Inwheel motor system according to claim 12, 
wherein the second elastic member(13) Is cylindri- 
cal, one end of this cylinder(13R) Is connected to 
the wheel(2), and the other end is connected to the 
rotary case(3b). 

15. The inwheel motor system according to claim 12, 
wherein the wheel(2) and the rotary case(3b) are 
interconnected by 16 or less board-like elastic 
members(13a~13d) disposed at equal Intervals In 
parallel to the tangent direction of the wheel. 

16. The Inwheel motor system according to claim 15, 
wherein rotary joint units(1 3z) whose axes are In the 
tangent direction of the motor are provided on both 
end faces in the width direction of the plate-like elas- 
tic members(1 3a- 1 3d) . 

17. The Inwheel motor system according to claim 12, 
wherein ribs(2m) extending from the rotary case 
(3b) toward the wheel and ribs(2n) extending from 
the wheel(2) toward the rotary case are intercon- 
nected by an elastic member(15) at a plurality of 
sites. 

18. The inwheel motor system according to any one of 
claims 12 to 17, wherein the vertical elastic coeffi- 
cient of a material constituting the first and second 
elastic members(11,13) is 1 to 120 MPa. 

19. The inwheel motor system according to any one of 
claims 12 to 17, wherein the vertical elastic coeffi- 
cient of a material constituting the first and second 
elastic members(11 ,1 3) Is 1 0 to 300 GPa. 

20. The inwheel motor system according to any one of 
claims 1 2 to 1 9, wherein the first elastic member(1 1 ) 
has a lower elastic modulus In the vertical direction 
of the vehicle than an elastic modulus In the longi- 



tudinal direction. 

21 . The Inwheel motor system according to any one of 
claims 12 to 20, wherein the non-rotary case(3a) is 

5 connected to the knuckle(5) by a direct-acting guide 
unlt(14) having a spring and a damper In place of 
the first elastic member(11). 

22. The inwheel motor system according to any one of 
io claims 12 to 21 , wherein the rotary case(3b) Is con- 

nected to the wheel (2) by a constant-velocity uni- 
versal Jolnt(1 6). 

23. The Inwheel motor system of claim 22, wherein the 
is second elastic member(1 3) is mounted at the cent- 
er position of the mass of the motor(3) In the width 
direction of the motor. 

24. The inwheel motor system according to any one of 
20 claims 1 2 to 21 , wherein the rotary case(3a) is con- 
nected to the wheel(2) by a coupling unlt(1 8) com- 
prising a plurality of hollow disk-like plates 
(18A-18C) and direct-acting guides(18p,18q) for 
Interconnecting adjacent plates(18A~18C) and for 

25 guiding the adjacent plates(1 8A—18C) in the radial 
direction of the disk. 

25. The inwheel motor system according to claim 7, 
wherein the non-rotary case(3a) of the motor for 

30 supporting the stator(3S) of the motor(3) is connect- 
ed to the knuckle(5) which is a part around the 
wheel of the vehicle by a buffer member(1 1 ) or buff- 
er unit(25), and the rotary case(3b) of the motor(3) 
Is connected to the wheel (2) by a coupling unlt(1 8) 

55 comprising a plurality of hollow disk-like plates 
(18A*~18C) and- direct-acting guldes(18p,18q) for 
interconnecting adjacent plates(1 8A~ 18C) and for 
guiding the adjacent plates(1 8A— 18C) In the radial 
direction of the disk. 

40 

26. The Inwheel motor system according to claim 7, 
wherein the non-rotary case (3 a) of the motor for 
supporting the stator(3S) of the motor(3) is connect- 
ed to the knuckle(5) which is a part around the 

45 wheel of the vehicle by a buffer member(11) or buff- 
er unit(25), and the rotary case(3b) of the motor(3) 
is connected to the wheel by a hollow disk- like plate 
(20A—20C) having a plurality of direct-acting 
guides(19A,19B) on the motor(3) side and the 
so wheel (2) side. 

27. The Inwheel motor system according to claim 26, 
wherein the direct-acting guldes{1 9A.19B) are dis- 
posed at the same positions on the front and back 

55 sides of the hollow disk-like plate (20A—20C) at an 
interval of 90° or 180° in the circumferential direc- 
tion of the plate(20A-20C). 
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28. The inwheel motor system according to claim 27, 
wherein the working directions ot ail the direct-act- 
ing guldes(19B) on the motor<3) s Ide are 45° from 
the radial direction of the hollow disk-like plate 
(20A—20C), and the working directions of all the di- 
rect-acting guides(19A) on the wheel(3) side are 
perpendicular to the working directions of alt the di- 
rect-acting guides(1 9B) on the motor(3) side. 

29. The inwheel motor system according to claim 7, 
wherein the non-rotary case(3a) of the motor for 
supporting the stator(3S) of the motor(3) is connect- 
ed to the knuckle(5) which is a part around the 
wheel of the vehicle by a buffer member or a buffer 
unit(21), and the rotary case (3b) of the motor (3) Is 
connected to the wheei(2) by a first hollow disk-like 
plate(20M) comprising a plurality of direct-acting 
gutdes(19P,19Q) on the motor side and the wheel 
side and by a second hollow disk-like p late (20 N) 
disposed on the inner side of the first hollow disk- 
like plate(20M) and comprising a plurality of direct- 
acting guldes(19R,19S) arranged in an opposite 
way to that of the first hollow disk-like plate(20M). 

30. The inwheel motor system according to claim 29, 
wherein the direct-acting guldes(1 9P~1 9S) are dis- 
posed at the same positions on the front and back 
sides of the first and second hollow disk-like plates 
(20M.20N) at an interval of 90 p or 180* In the cir- 
cumferential direction of the first and second hollow 
disk-like plates(20M 1 20N), the working directions of 
all the direct-acting guldes(19Q,19S) on the motor 
(3) side of the first and second hollow disk-like 
piates(20M ,20N) are 45° from the radial direction of 
the plates ( 20M, 20N) , and the working directions 
of all the direct-acting guldes(19P,19R) on the 
whset(3) side of the plates(20M,20N) are perpen- 
dicular to the working directions of the direct-acting 
guldes(19Q,19S) on the motor(3) side. 

31. The inwheel motor system according to claim 30, 
wherein the mass of the first hollow disk-like plate 
{20M, 20N) is made equal to the mass of the second 
hollow disk-like plate. 

32. The inwheel motor system according to any one of 
claims 24 to 31 , wherein each of the direct-acting 
guldes(18p) consists of a guide rall(18x) having at 
least one recess or pro jection extending in the ra- 
dial direction of the plate(1 8A) and of a guide mem- 
ber{18y) to be engaged with the guide rall(18x). 

33. The Inwheel motor system according to claim 32, 
wherein steel balls(18m) are placed between the 
guide rail(18x) and the guide member(1 8y). 

34. The Inwheel motor system according to any one of 
claims 24 to 31 , wherein grooves extending in the 



radial direction are formed in the opposing sides of 
the plates(18A~~16C), and steel balls(18M) which 
can move along the grooves(1 Ba-18c) are placed 
between the plates(18A~18C) to guide the adja- 
s cent plates(1 BA~ 1 8C) in the radial direction of the 
disk. 

35. The inwheel motor system according to any one of 
claims 24 to 34, wherein when the number of the 

10 plates(18A~18C) is represented by N, the plates 
(18A-18C) are disposed In such a manner that the 
angle formed by adjacent direct-acting guldes(1 8p, 
18q) or grooves(18a— 18c) in the axial direction of 
the plates is incremented by 180/(N-1)° from the 

15 end portion. 

36. The Inwheel motor system according to claim 7, 
wherein the non-rotary case(3a) of the motor for 
supporting the stator(3S) of the motor(3) and a 

20 knuckle(5) which Is a part around the wheel of the 
vehicle are interconnected by a buffer member 
(23A) comprising at least one pair of substantially 
A-shaped or H-shaped link units, each having two 
arms (23m, 23n) rotatably Interconnected by a 

25 spring and a damper(23k), the end of one arm(23m) 
being connected to the non-rotary case (3a) and the 
end of the other arm(23n) being connected to the 
knuckle(5). 

30 37. The Inwheel motor system according to claim 7, 
wherein a shaft type suspension unit is provided, 
and the non-rotary case(3a) of the motor for sup- 
porting the stator(3S) of the motor(3) and the shaft 
(9J) are Interconnected by a buffer member(24) 

35 comprising at least one pair of substantially A- 
shaped or H-shaped link units, each having two 
arms(24m,24n) rotatably interconnected by a 
spring and a damper(24k), the end of one arm being 
connected to the non-rotary case(3b) and the end 

^0 of the other arm being connected to the shaft(9J). 

38. The inwheel motor system according to claim 7, 
wherein the non-rotary case(3a) of the motor and a 
knuckle(5) are interconnected by two plates(25A, 

45 25B) whose working directions are limited to the 
vertical direction of the vehicle by direct-acting 
guides(25a), and the two plates(25A,25B) are Inter- 
connected by sprlngs(25b) and dampers(25c) 
which operate in the vertical direction of the vehicle. 

50 

39. The Inwheel motor system according to claim 7, 
wherein the motor(3) Is supported to a knuckle(5) 
which is a part around the wheel by direct-acting 
guldes(18) and a buffer unit(30) In such a manner 

55 that it can move in the vertical direction of the vehi- 
cle, and the buffer unit(30) has valves(27m,28m) 
between a hydraulic cyllnder(26) and a reservoir 
tank(29). 
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40. The Inwheel motor system according to claim 39, 
wherein the piston upper chamber(26a) and piston 
tower chamber(26b) of the hydraulic cyllnder(26) 
are each provided with a working oil passage 
(27,28) having an Independent varve(27m,28m) 
and a reservoir tank(29A,29B). 

41. The Inwheel motor system according to claim 39, 
wherein the piston upper chamber (26a) and piston 
lower chamber(26b) of the hydraulic cyllnder(26) 
are each provided with a working oil passage 
(27,28) having an Independent valve (2 7m, 28m), 
and the two working oil passages(27,28) are con- 
nected to a common reservoir tank(29C). 

42. The Inwheel motor system according to claim 39, 
wherein the piston upper chamber(26a) and piston 
lower chamber(26b) of the hydraulic cylinder(26) 
are interconnected by working oil pass ages(2 7,28), 
each having an Independent valve(27m, 28m), and 
the piston lower chamber(26b) ts connected to a 
reservoir tank(29C). 

43. The inwheel motor system according to any one of 
claims 7 to 42, wherein the hub portion (4) of the sys- 
tem has a connection unit(4D) with the output shaft 
(9) of the power engine of the vehicle. 

44. The Inwheel motor system according to any one of 
claims 7 to 43, wherein the motor(3) is an outer rotor 
type motor(3). 

45. The inwheel motor system according to any one of 
claims 7 to 43, wherein the motor(3) Is an Inner rotor 
type motor(3l). 

46. An inwheel motor system having an electric motor 
(41) In a wheel portion to drive awheel, wherein 

the motor(40) Is a geared motor(40) comprls 
ing a hollow Inner rotor type motor(41 ) and a speed 
reducing gear(42), the non -rotary case(43) of this 
geared motor(40) and a knuckle(5) which Is a part 
around the wheel of a vehicle are interconnected by 
a buffer member(44), and the output shaft of the 
speed reducer(42) and the wheel (2) are linked by a 
shaft(45) having a universal Jolnt(45J). 

47. The Inwheel motor system according to claim 46, 
wherein a direct-acting guide(47k) for guiding the 
motor(40) in a vertical direction is interposed be- 
tween the non-rotary case(43) and the knuckle(5). 

46. The Inwheel motor system according to claim 46, 
wherein the non-rotary case(3a) of the motor for 
supporting the stator(3S) of a hollow outer rotor type 
motor(3) is connected to a knuckle (5) which is a part 
around the wheel of a vehicle, the rotary case(3b) 
of the motor for supporting the rotor(3R) of the mo- 



tor Is connected to the wheel(2), and a wheel sup- 
port unlt(31 ) Is provided on the inner side of the mo- 
tor(3). 

5 49. The Inwheel motor system according to claim 48, 
wherein the rotary case(3b) Is Inscribed In the wheel 
(2), and the knuckle(5) and the hub(4) portion of the 
system connected to the rotation axis of the wheel 
(2) are Interconnected by a hub bearlng(31 ) provld- 

10 ad on the Inner side of the hollow motor(3) to sup- 
port the wheel(2). 

50. The inwheel motor system according to claim 48 or 
49, wherein the rotary case(3b) Is connected to the 

15 wheel(2) by elastic members(32). 

51. The inwheel motor system according to claim 50, 
wherein the vertical elastic coefficient of the mate- 
rial of the elastic members(32) is 1 to 120 MPa. 

20 

52. The inwheel motor system according to any one of 
claims 48 to 51 , wherein a brake disk(8) or brake 
drum is mounted to the hub portlon(4). 

25 53. The inwheel motor system according to any one of 
claims 48 to 51 , wherein the hub port! on (4) of the 
system has a connection unrt(4D) with the output 
shaft(9) of the power engine of the vehicle. 

30 54. An Inwheel motor system having a hollow electric 
motor ( 3 ) in a wheel portion to drive a wheel(2), 
wherein 

the motor(3) is supported to a knuckle(5) 
which Is a part around the wheel of a vehicle by di- 
ss rect-actlng guides(54) and buffer members(53) in 
the vertical direction of the vehicle and by direct- 
acting guides(57) and buffer members(56) in the 
longitudinal direction of the vehicle, and the rotary 
case(3b) of the motor and the wheel(2) are inter- 
ne connected by a flexible coupling(1 8) or constant-ve- 
locity universal jo I nt( 18) in such a manner that they 
can be eccentric from each other. 

55. The inwheel motor system according to any one of 
43 claim 54, wherein the motor(3) Is an outer rotor type 

motor(3). 

56. The inwheel motor system according to any one of 
claim 54, wherein the motor(3) is an inner rotor type 

50 motor(3l). 

57. An Inwheel motor system having an electric motor 
(40) In a wheel portion to drive a wheel(2), wherein 

the motor(40) is a geared motor comprising a 
55 hollow inner rotor type motor(41) and a speed re- 
ducing gear(42), the non-rotary case(43) of this 
geared motor(40) Is supported to a knuckle(5) 
which is a part around the wheel by direct- acting 
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guides (61) and buffer members(62) In the vertical 
direction and by direct-acting guides (64) and buffer 
members (65) In the longitudinal direction of the ve- 
hicle, and the output shaft of the speed reducer(42) 
and the wheel (2) are Interconnected by a shaft(45) 
having a universal jolnt(45J). 
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